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ABSTRACT 
The photolytic decomposition of 2- diazoacenaphthen- 1- one 
in a variety of aromatic solvents has been investigated. Products of 
attack of the intermediate polycyclic 1, 2-oxocarbene generated on the 
solvent were obtained. The nature of these products was strongly 
dependent on the nature of the substituents on the benzene nucleus of 
the solvent. A number of the photolyses investigated yielded novel 
spiro(acenaphthene_1,7 1 -norcara-2 1 ,4 1 -dien)-2-Ofle products, and the 
chemistry of these compounds has also been investigated and compared 
with that of related species. 
The photolyses, in benzene, of some other polycyclic a-diazo-
ketone s (namely 9-diazo-4, 9- dihydr o- 8H-c ytlopenta[deflphenanthren -8-
one and the two isomeric 2, 3-diazofluoranthenones) have also been 
investigated. In contrast to 2- diaz oac enaphthen- 1-one, these materials 
give rise only to products of formal insertion of the intermediate oxo-
carbene into the C-H bonds of the solvent, unless the reactions are 
carried out in the presence of tert-butylamine, in which case products 
of apparent 1,3-dipolar cycloaddition of the oxocarbene to the solvent 
are also obtained. 2-Phenylfluoranthen-3-ol, produced on photolysis of 
2_diazof1uoranthen-3(2)-one in benzene, was found to undergo partial 
oxidation during work up, giving rise to a persistent free radical species. 
A preparative low pressure liquid chromatographic technique, 
which was used to separate isomeric species which could not be resolved 
by conventional chromatographic methods, is described. 
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Note on Nomenclature 
A significant proportion of this thesis is concerned with the 
formation and reactions of spiro(acenaphthene-1, 7 t_ norcar a...2t, 41_djen).. 
2-one derivatives having a configuration in which the norcaradiene ring 
is exo to the carbonyl function. In order to define the configuration of 
these compounds the relative descriptors Itct r and 11 i3 11 have been used 
in prefixes to their names. These descriptors refer to the side of the 
referenceplane (namely the plane of the three-membered ring of the 
norcaradiene moiety, see figure) on which the preferred substituent (as 
defined by the sequence rule of Cahn et al. +) lies. 
(3 
H ) 
Figure - (l'a,6'ct,7f3)-spiro(acenaphthene 
1,7 1 -norcara_2 1 ,4 1 _dien)_2_one 
The prefix (Pa, 6'a, 7 1 P) has generally been omitted for the 
sake of brevity when discussing these compounds. 
Thanks are due to Dr. A. D. McNaught of the Chemical Society's 
information Services for helpful comments in connection with the naming 
of these compounds 
'Chemical Abstracts, Ninth Collective Index, index Guide, u American 
Chemical Society, 1977, Appendix IV, Section E. 
+ R. S. Cahn, C. Lngold and V. Prelog, Anew. Chem. mt. Edn. Engl., 
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IN T RODUC TION 
A. 	1, 2-Oxocarbenes 
.1. 	Structure of 1, 2-oxocarbenes 
The intermediacy of carbenes, highly reactive, divalent carbon 
species, in certain chemical reactions is well established," 2, 3 and the 
use of such reactions in organic synthesis is quite commonplace. It is 
also widely accepted that carbenes may react via one or both of two 
possible electronic spin states, namely the singlet state, in which the 
non-bonding electrons of the carbene have opposing spins, and the triplet 
state, in which the non-bonding electrons have parallel spins, and con-
sequently occupy different molecular orbitals. 
A reasonable structure for a singlet carbene is one in which the 
central carbon atom is sp2 hybridised, and the non-bonding electrons 
occupy an sp2 orbital, leaving the p orbital vacant M. 
R\ Q 
Cl) 
Triplet carbenes may also be bent sp2 hybrids, but require one 
-electron to occupy the non-bonding sp2 orbital, and the other to occupy the 
RQ) 	
9i 
(2) 	 (3) 
P orbital (2). An alternative structure is a linear sp hybrid, in which 
the two electrons occupy separate p orbitals (3). 
A number of possible structures exist for carbenes in excited 
electronic states, where one or both of the non-bonding electrons occupy 
molecular orbitals which are of higher energy than those which are occupied 
in the ground state. One example of this is an excited singlet, in which 
the electrons have opposing spins, but occupy separate p orbitals of a 





The distinction between singlet and triplet carbenes serves to explain 
the different modes of reaction of carbenes generated under different 
conditions. For example, the addition of carbenes to alkenes which lack 
an axis of symmetry along the carbon-carbon double bond and which bear 
substituents at-both carbon atoms may or may not occur stereo specifically 
(Scheme 1). Skell4 attributed the stereo specific reaction (route a)) to 
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singlet carbenes, which react in a concerted manner, and the non-stereo-
specific process (route b)) to triplet carbenes, which behave like diradicals, 
so that the addition is step-wise and involves intermediates such as (5), in 
which free rotation about the C-C bond may occur before ring closure 
to the cyclopropane. 
B 	'CR 2 
(5) 
Although the above description applies reasonably well to simple alkyl 
carbenes, it does not consider the possibility of interactions between the 
orbitals of the carbene centre with those of attached groups. When reactive 
groups are situated immediately next to the carbene centre, such interactions 
may occur, considerably increasing the number of possible modes of reac-
tion of the carbene . An example of this is provided by 1, 2-oxocarbenes 
(6), which have a carbonyl group adjacent to the carbene site. As well as 
{C RI 
(6) 
being able to react as singlet or triplet carbenes, such species may react 
in a 1, 3-bidenta,te manner. Huisgen 5  has compared the electronic structure 
of 1, 2-oxocarbenes with those of other species which react in a 1, 3-dipolar 
fashion and has concluded that they may be rega'rded as 1, 3-dipoles "without 
octet stabilisation. ' He suggested, therefore, that the 1, 3-bidentate 
reactions of 1, 2-oxocarbenes are due to the more likely of the two possible 
1, 3-dipolar forms (7a). The alternative dipolar form (7b) or the 1,3- 
diradical (8) might also explain these reactions, however.,Firestone 6 has 














reactions on the grounds that all of the available mechanistic data is 
consistent with such a mechanism. Huisgen 7 has convincingly refuted 
Firestone's ideas, however, his most powerful argument being that the 
stereospecificity of these reactions is not satisfactorily explained by 
Firestone's mechanism. 
In addition to the possibility of 1, 2-oxocarbenes reacting in the forms 
described above, there also exists the possibility of interconversion of 
isomeric 1, 2-oxocarbenes via an intermediate oxirene (9). Although 
early labelling experiments by Huggett8 and Franzen 9 suggested this did 
not occur, more recent work, described in detail below, indicates that such 
0 	 10 
 \ 
(9) 
interconvers ions are common. 
2. 	Generation of 1, 2-oxocarbenes 
a) Decomposition of a-diazoketons. By far the most common 
method of generating 1, 2-oxocarbenes is the decomposition, via loss of N2,
10 
of a-diazoketones (lO). 	This decomposition may be achieved thermally, 
photolytically, or via catalysis by transition metals (usually Ag or Cu) or 





• -N2 ' 
(10) 
substituents (Rand R'), are numerous. A number of specific examples 
are discussed at appropriate points in later sections. 
The mode of reaction of carbenes obtained from the decomposition 
of diazo compounds is often very sensitive to the method used for their 
generation. In the case of transition metal catalysis, it is probable that 
no free carbenes are actually involved in these reactions, but rather that 
the carbenes are complexed to the metal at all times. Such complexes 
are usually referred to as t 1carbenoids. 
There exist two possible alternative routes to 1, 2-oxocarbenes which 
probably involve the intermediacy of a-diazoketones. 
The Bamford- Stevens 12 route to carbenes, via the decomposition of 
salts of suiphonyl hydrazones has not proved useful for the generation of 
1, 2-oxocarbenes. That this route probably involves diazo compounds as 
intermediates to carbene formation is demonstrated by the fact that Cava 
et al. 
13 
 have used the decomposition of such salts to synthesise a-diazo-
ketones. Thus decomposition of (11) in the presence of aqueous sodium 
hydroxide gives rise to the diazoketone (12). 
• 	
•1 1 	.1 
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.C 7 H 7 
L 	 •.- 	J 
The second route to 1, 2-oxocarbenes which most likely involves 
14 
a-diazoketones is the decomposition of a-oxodiazirines (13). 	Mukai 
and his co-workers 
15 




reversible isomerisation occurs between the tricyclic diazoketone (14) 
and the corresponding a-oxodiazirine (15). On prolonged photolysis, both 




b) Other methods. In recent years a number of other routes to 
1, 2-oxocarbenes and carbenoids have appeared, although none of these 
has yet proved general enough to challenge a-diazoketones as the main 
source of these reactive intermediates. 
(1) 	Decomposition of ylides. Trost 16 has postulated that the similarity 
in reactivity between sulphur ylides and diazo compounds might be explained 
by the common intermediacy of carbenes. This was demonstrated for 
dim ethyl sulphonium phenac ylide (16). 
The major product of either photolytic or CuZT  catalysed decomposition 
of this ylide in benzene or chloroform istrans-1, 2, 3-tribenzoylcyclopropane 
(17), 	This can be explained by attack of the 1, 2-oxocarbene (18) on un- 
reacted starting material to give the alkene (19), which, in turn, may react 























material to give the cyclopropane product. Further evidence for the 
intermediacy of the carbene was provided by carrying out the reaction in 
cyclohexene and in alcohols. These gave products of addition and Wolff 
rearrangement respectively, together with products of hydrogen abstrac-
tion. The ra-tios of the products obtained were similar to the values 
obtained for decomposition of diazoacetophenone (20). These reactions 
are outlined in scheme 2. 
17 
Recently, Porter and his co-workers have generated bis(methoxy- 
carbonyl)carbene by decomposing 2, 5- dichiorothiophenium bis(methoxy-
carbonyl)methylide (21) in the presence of copper or rhodium catalysts. 








(ii) C yclo elimination reactions. A few 1, 2-oxocarbenes have been 
generated by photolytic cyclo elimination from strained ring systems. 18 
For example, photolysis of the benzonorcaradiene '9 (22) in cyclohexane 
yielded a small amount of carbethoxy carbene (23), which reacted with the 
solvent (scheme 3). 
02Et 





(iii) a-Elimination reactions. Scott and Cotton 
 20 
 have demonstrated 
the formation of 1, 2-oxocarbenoids via a-elimination. Thus treatment of 
a, a-dibromocamphor (24, XBr) with diethyl zinc, followed by refluxing 
in benzene, yielded the tricyclic ketone (25), 
20a 
 which is also obtained on 
decomposition of the diazoketone (26). 
21 
 Similar results were obtained 
2)Z~,Q 6 H 6 Ij 	-N 2 
(24) 	Br 	 (25) (25) 	L 
with a variety of zinc reagents in hot dimethylformarnide, and using endo- 
a-bromocamphor (24, X=H). Further evidence for the intermediacy of 1, 2- 
LINEt 2 
C6F/Et2O 
(30) 	Ct ciz) 	 (ii) 
óxocarbenoids in such reactions has been provided by intermolecular 
trapping reactions with olefins. Scott and Cotton 20b  demonstrated that 
zinc-catalysed decomposition of a, a-dibromodeoxybenzoin (27) in the 
presence of trans-stilbene yielded trans-1, 2-dihydro-1, 2, 3,4-tetraphenyl-





1, 2-oxocarbenoid. Recently Kawabata and his co-workers reported 
the first example of cyclopropanation by a 1, 2-oxocarbenoid generated via 
a- elimination fromL, - dibromoacetophenone (29). 
PhOHBr2  CU 
 Ph.O 
Although the base induced dehydrochiorination of a-chloroepoxides 
may normally follow a number of possible reaction paths, McDonald 
23 
 has 
shown that in certain bicyclic a-chloroepoxides, a-elimination to yield 1, 2-
oxocarbenes is the major pathway. The major product formed on treat-
ment of 2-chlorobicyclo[2. 2.1 ]hept-2-ene exo oxide (30) with lithium 
diethylamide, in reflwing benzene/ether, was the tricyclic ketone (31), 


















With 2_chlorobicyclo[2. 2. 2]oct-2-ene oxide (33), Wolff rearrangement 
of the intermediate carbene also occurs (scheme 4). 
Cadogan, Sharp and Trattles 24  have cited 1, 2-oxocarbenes as inter-
mediates in the thermal decomposition of sodium 2-bromophenoxides (34) 
to give dibenzo-p-dioxins (35). The products were rationalised as arising 
from reaction of the intermediate oxocarbene (36) with unreacted starting 
material, followed by intramolecular cyclisation. Evidence in support of 
this mechanism was provided by trapping experiments using nucleophiles 
other than the 2-bromophenoxides (scheme 5). 
(iv) Oxidation of alkynes. Probably the most exotic method of producing 
1, 2-oxacarbenes discovered so far is that involving the 
I- 
 radiolysis of 
25 
phenylacetylenes in liquid carbon dioxide. 	Hori and his co-workers 
reported that this process produces atomic oxygen which reacts with the 
phenylacetylenes to give 1, 2-oxocarbenes, which can then rearrange to 
ph.enyLketenes and undergo further oxidation. The addition of alcohols to 
the reaction mixtures enabled products of hydrogen abstraction, insertion 
into the OH bonds of the alcohols, and Wolff rearrangement to be obtained 
(scheme 6). 
11 
PhjO.CQR 	 PhQR 
[OJ 	 [O1 
PhCECR 
	
Ph.CQR 	 Ph.CRCO 
froH RbH 
OR' 
Ph.CH2CO.R+ PhH.CQR 	 Ph.CHRCR' 
Scheme 6 
The above observation may be compared with the oxidation of 
alkynes by peracids, 
26 
 for which 1, 2-oxocarbenes, or the isomeric: oxirenes, 
have been postulated as intermediates (scheme 7.). 
0 
/ ___ /\ 
RCECR ----c' ,C=C 
R 	 __ 
p r  duct S. 
Scheme 7 
B. 	Reactions of 1, 2-oxocarbenes 
.1.. 	The Wolff rearrangement 
a) Scope and applications. The most common and, withot doubt, most 
useful reaction formally involving 1, 2-oxocarbene intermediates, is the 
Wolff rearrangement 27  to ketenes.(36) (R is generally an alkyl or aryl group), 
which may be trapped as carboxylic acid derivatives (scheme 8). This 
rearrangement has been the subject of extensive reviews. 28, 29 One of the 
/R. 	Z  
= C)= C=C Z.00.CHRR
IR 
N 	P. 	 (36) 	(ZHQR0,H2NJ RNHd P2N J RCO 2 ) 
Schem8 
12 
main reasons for the importance of the Wolff rearrangement is the fact 
that it is the key step in the widely applicable Arndt-Eistert homologisation 
30, 31 
of carboxylic acids (scheme 9). 
CH-N. 
RCO2H 	 RCOCI 	 RCO.CHN 2 
-N2 
H20 	 ____ 
	
RCH2CO2H 	 RCH=CO 	 RCO.CH 
Scheme 9 
When cyclic 1, 2-oxocarbenes undergo Wolff rearrangement, the net 
effect is contraction of the ring by one carbon atom (scheme 10). SUS 32 
0 
SchemelO 
demonstrated the applicability of this reaction to a wide range of o-quinone 
diazides (37), from which cyclopentadiene derivatives (38) are produced. 





ZH 	 -. H 
(37) 	 (38) 
When such o-quinone diazides are decomposed in inert solvents, ketene 
33 	 34 
acetals (39) are produced. Ried and Dietrich have demonstrated that 
the ketene acetais are produced by reaction 6f the intermediate ketene (40) 
with unreacted starting material, followed by loss of N 2, (scheme 11), 
rather than reaction with unrearranged oxocarhene. 
___ 	 (37) 	 / 
R 	 CO 	P + 	 I 	4-R 
-N 2 	/ \0 ç) 
(fo) 	 (39) 
Sc,hemell 
13 
Wolff ring contraction has also proved useful in the synthesis of a 
large number of highly strained ring systems. One of the most impressive 
examples of this is the ring contraction-of 2-diazo-3,4-bis(diphenylmethylene)-
35 
cyc1obutanon (41), 	achieved by Toda and his co-workers (scheme 12). 
0- 	 0 
2 hy 
	








Wolff ring contraction is not restricted to carbocyclic compounds. 
37 
Derivatives of oxetane, 
36 
 pyrrole, 	indole 38 and related systems 39 have 
all been produced in this manner. Voigt and Meier 40 have recently 
reported the synthesis of the 2H-1-thiacyclobutabenzene system (42) via 
a Wolff ring contraction. 
02  Me 
(42) 
The mode of decomposition of the starting diazoketone is of considerable 
importance to the successor failure of the Wolff rearrangement, particularly 
in the formation of strained systems. In general, the photolytic reaction, 
first observed by S S  32a and later more widely used by Horner, 
41 
 is the 
most successful in achievingthe Wolff rearrangement, whilst the transition 
metal catalysed reaction is the least likely to succeed. An example of 
this is afforded by the decomposition of diazocamphor (26), which on 
photolysi.541b yields products of Wolff ring contraction (43), whereas the 
copper catalysed decomposition, as has already been mentioned, yields 
the product of intramolecular C-H insertion (25). 21 
H 





In spite of the wide applicability of Wolff ring contraction, there 
exists a number of diazoketones for which the reaction proceeds with great 
difficulty, or is impossible, even on photolysis. Huisgen42 demonstrated 
that tetrachloro-o-quinone diazide (44) did not ring contract, photolysis in 








methanol yielding the product of formal insertion of the carbene into the 
0-H bond of the solvent (45). This failure to undergo Wolff rearrangement 
was attributed to the inductive effect of the chlorine atoms which would cause 
the intramolecular carbon to carbon migration step of the Wolff rearrange-
ment to be slow compared with alternative intermolecular reaction paths. 
Ried and Baumbach 
43
showed that 3-diazo-2-oxo-9, 10-anthraquinone 





attributed to the withdrawal of electrons from the o-quinonediazide ring by 
15 
carbonyl groups at the 9- and 10-positions. In contrast, Griffiths and 
Lockwood 
44 
 have shown that the 2-diazo-1-oxo- (47, X=N 2, YO) and the 
1-diazo-2-oxo- (47, X0, YN 2) 9, 10-anthraquinones readily ring 
contract on decomposition. Although no explanation has been offered for 
the differences between these closely related systems, it is probable that 
electron withdrawal from the o-quinone diazide ring in (47) is less efficient 
than in (46), thus allowing the Wolff rearrangement to proceed. 
Wolff ring contraction may also fail if the increase in ring strain is 
too great. Trost and Kinson45 showed that 9-diazo-4, 9-dihydro-8H-cyclo-
penta[def]phenanthren-8-one (48) underwent ring contraction to the extent 
of only 2%.  They estimated that the increase in ring strain for this 
rearrangement was of the order of 50 kcal mol . Preliminary experiments 





was similarly disinclined to undergo Wolff rearrangement. 2-Diazoace-
naphthen-i-one (50) fails completely to undergo ring contraction. 47 ' 48 
(50) 
16 
b:.) Mechanism. The mechanism of the Wolff rearrangement has 
been the subject of much investigation. Triplet-sensitized decompositions 
of diazoketones49 
52 
 have shown fairly conclusively that triplet species are 
not responsible for this reaction, and so the main object of most mechanistic 
studies has been to determine whether rearrangement occurs synchronously 
with the loss of nitrogen ("concerted" mechanism) or after the loss of 
nitrogen. (oxo carbene mechanism). 
A variety of spectroscopic 53 and other techniques 54 have indicated 
that, in solution, diazoketones generally exist as an equilibrating mixture 
of ëis and trans forms (scheme 13), the central C-C bond having partial 
double-bond character. Kaplan and MeloyS3a  have argued that a concerted 
mechanism operates and that the cis form (in which the migrating and leaving 
Schemel3 
groups display'a trans relationship, ideal for such a reaction) is alone 
responsible for the Wolff rearrangement. The fact that the di-tert-butyl 
compound (51), for which the trans form should be strongly preferred, 
55 
undergoes Wolff rearrangement to, at most, only 3%,  would appear to 
oX 
c=&o 
(51) 	 (52) 	 . 
support this view. Steric hindrance in the ketene (52) may be an alternative 
reason for the failure of this reaction, however. 
Kinetic studies on the Agtcatalysed  decomposition ddiazoac.etophenone 
17 
and the thermal decomposition of phenylbenzoyldiazomethanes 57 do not 
support a concerted mechanism. Electron-releasing substituents on the 
migrating group reduce the rate of reaction. This is the opposite.. effect 
to that expected for a concerted process. 
Mechanistic studies on the photochemical Wolff rearrangement do 
not seem, so far, to favour a stepwise mechanism, however. C. I. D. N. P. 
studies 
58 
 on the photochemical decomposition of diazoacetone suggest that 
the singlet oxocarbene is not involved in the Wolff rearrangement. Flash 
photolytic investigations 
59 
 of the ring contraction of 1O-diazophenanthren-
9-one (53) detected four intermediates, none of which was a carbene. 
(53) 
60 
Although Meier found a similar electronic effect in the flash-photolytic 
Wolff rearrangement of diazoacetophenones to that described above for the 
catalysed reaction, the rate determining step was shown to occur after loss 
of nitrogen and rearrangement, and so a. concerted mechanism could not 
be dismissed. 
Another aspect of the mechanism of the Wolff rearrangement which 
has been much investigated in recent years is the question of the involve-
ment of oxirene intermediates in the reaction. Early labelling experiments 
suggested no such involvement. Huggett et al. examined the Wolff re- 
13 arrangement of diazoacetophenone labelled with C at the carbonyl carbon 
no 
and found that no scrambling of the label occurred. Franzen 9 applied 
similar labelling techniques in the investigation of the Wolff rearrangement 
of azibenzil, which would be expected to give a symmetrical oxirene inter-
mediate. Again no evidence for scrambling was found, either in the thermal 
or photochemical reaction. More recently, however, other groups, notably 
Strausz and his co-workers, 
61 
 and Zeller, 
62 
 have collected a great deal of 
evidence supporting the intermediacy of oxirenes in the Wolff rearrangement. 
Strausz and his co-workers 6 studied the Wolff rearrangements of a 
13 
number of alkyl and aryl diazoketones, labelled with C in the carbonyl 
group, under a variety of conditions, as well as the photolyses of labelled 
alkyl and aryl ketenes. They showed that the intermediacy of oxirenes was 
fairly commonplace in photolytic reactions, though not in thermal decompo-
sitions. They also found that yields of oxirene (estimated from the extent 
of scrambling of the label) were higher from diazoketones than from ketenes 
and were also higher for reactions carried out in the gaseous phase than 
for-- solution phase reactions. Some dependence of the yields on the wave-
length used for photolysis was also observed, though this dependence varied 
between diazoketones. The results of this study were rationalised on the 
basis of different singlet state oxocarbenes being involved in the thermal 
and photolytic reactions. These oxocarbenes, it was argued, converted to 
the more stable dipolar form, which could then rearrange, either to oxirenes 
or ketenes 	Strausz argued that the barrier to ketene. formation was lower 
than that for oxirene formation, so that oxirenes covJ.d only be formed from 
vibrationally excited, singlet oxocarbenes, which were only accessible by 
photolysis. These steps are outlined in scheme 14. 
Although, in these experiments, the amounts of products which had 
the label scrambled were measured, no true estimate of the extent of oxirene 
19 
involvement could be made, except for decompositions involving symmetrical 
oxirenes, since no consideration was given to the relative aptitudes for 
migration of the two groups attached to the diazoketone moiety. To obtain 
->C 	
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Scheme 14 
C- C 	R2 CO 	products 
an accurate estimate of the extent of oxirene involvement in the decomposi-
tion of unsymmetrical diazoketones, it is necessary to examine the decom-
positions of an appropriate pair of diazoketones, both of which are, labelled 
either at the .carbonyl or diazo carbon atom. Such an experiment: has been 
car 
62d
ried out by Zeller, who examined the photolysis of 2-diazo- 1-phenyl-
propan-l-one (54) and 1-diazo-1-phenylpropan-2-one (55), both of which 
?hQC N2M e 	 PhC N2CQMe 
(54) 	 (55) 
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were labelled at the carbonyl carbon. He found that in the decomposition 
of (54), 84. 5%  of the product had undergone oxygen transfer from the 
labelled carbon, whereas for (55), only 39. 2% of the product had undergone 
oxygen transfer. This result is partially explained by the more facile 
migration of methyl groups, 
63 
 but also suggests that the oxocarbene derived 
from (55) is more stable than that derived from (54). 
A different approach, not involving the Wolff rearrangement, was 
used by Matlin and Sammes 64 to examine the question of the intermediacy 
of oxirenes in the decomposition of a-diazoketones. They made use of 
Franzen's observation 6 that a 1, 2-H shift competes with the Wolff rearrange-
ment in the decomposition of a-diazoketones which have a methylene group 
adjacent  -to the diaz.o function. Thus, for unsymmetrically substituted 
diazoketones (56), different a, n-unsaturated ketones should be formed from 
the two isomeric oxocarbenes (57) and (58),if equilibration via an oxirene 
occurs (scheme 15). 
0 	i-N 	 0 	/ 	 0 
N 2 





Although the final reaction mixture was more complex than indicated 
in scheme 15, Matlin and Sammes succeeded in demonstrating that, for 3-
diazoheptan-4-one (56, RMe, R ' Et), significant oxirene participation in 
the reaction did occur, both in the thermal and photolytic decomposition. 
They also showed that oxirene formation was especially favoured at high 
temperatures- (vapour phase pyr:olysis) and that no oxirene involvement 
occurred in transition metal catalysed or triplet sensitized reactions. The 
photolytic decomposition of 3- diazoheptan-4 -one has been reinvestigated 
recently by Cormier et al. 
66 
 who confirmed the above observations, and 
demonstrated that simpler mixtures of products could be obtained by 
careful control of the reaction times. 
64 
Matlin ancLSammes have also demonstrated that an oxirene species 
participates in the- decomposition of the diazoketone (59), the secondary 
oxocarbene species undergoing a 1, 2-methyl shift to give the a, n-unsaturated 
ketone (60). It was also shown, for this reaction, that oxirene participation 
(59) 	 (60) 
was increasingly favoured the more polar the solvent system used. 
Although theabove evidence strongly supports the complicity of oxirenes 
in the decomposition of open-chain diazoketones, the situation with regards 
to cyclic compounds remained unclear until recently. 
Majerski and Redvanly 6 used labelling techniques to study the 
photolytic Wolff rearrangement of 5- diazohomoadamantan-4-one (61). Less 
than 1% scrambling of the label was found, suggesting very little, if any, 
oxirene participation. Cadogan, Sharp and Trattles 24 found no evidence 




sodium 4-methyl-2-bromphenoxide (62) giving isomerically pure 2,7-
dime thyldibenzo--dioxin (63), with no trace of the 2, 8-dimethyl isomer 
(scheme 16). Sodium 5-methyl- 2-bromophenoxide behaved similarly. 
Zeller62a studied the photolytic Wolff ring contraction of the two isomeric 
Me "  Br Zov Me J( O1 




1, 2-diazonaphthalenones using labelled substrates, but again no participa-
tion of an oxirene was observed. Zeller attributed this to a combination 
of steric and electronic constraints preventing formation of the naphthox-
irene (64). The absence of oxirene participation in the photolytic 
(61:,) 
decomposition of diazocyc1ohexanone 6 	was attributed to steric strain 
alone. 
Indirect evidence for the involvement of an oxirene in the decomposition 
23 
of a cyclic diazoketone was offered by Matlin and Sammes 64 who compared 
the distribution of products obtained from the thermal and photolytic de-
compositions of diazocyclodecanone (65) with those obtained from peracid 
oxidation of cyclodecyne (66). 
68 
 It was shown that photolytic decomposition 
of (65) gave greater yields of intramolecular insertion products than the 
thermal reaction, though the yields of these products were still less than 
those obtained-from oxidation of (66). Matlin and Sammes reasoned that 







to a high energy oxocarbene, that being responsible for the intramolecular 
reaction. It was concluded that photolysis of the diazoketone gave rise to 
the same high -energy oxocarbene and, presumably, to the same oxirene 
intermediate. It was left, however, to Zeller and his co-workers to 
demonstrate finally the intermediacy of an oxirene in the decomposition of 
a cyclic diazoketone. They applied Matlin and Sammes' original technique 
to 2-diazo-12-methylcyclododecan-l-one (67), and verified that oxirene 
formation -in the decomposition of cyclic diazoketones was more favoured 
by photolysis - than thermolys is, and did not occur in the transition metal- 
(57) 
catalysed reaction, as in the case of open chain diazoketones. 
24 
Finally, it should be noted that the strong evidence for the inter-
mediacy of oxirenes in the photolytic Wolff rearrangement clearly favours 
a non-concerted process for this reaction, in spite of the other mechanistic 
evidence described above. 
2. 	Addition reactions 
The most widely studied reaction of carbenes in general is that of 
addition to multiple bonds, especially carbon-carbon double bonds. The 
reasons for this are threefold:- a) such reactions can provide useful 
information about the nature of the carbenes involved; b) the small-ring 
compounds usually produced are of great theoretical interest; and c) many 
of these compounds exhibit important biological activity. Not surprisingly, 
therefore, the literature on this subject is voluminous, and still growing 
rapidly. Even limiting the present discussion to 1, 2-oxocarbenes, it 
would be impossible to deal comprehensively with this subject, and so only 
the areas of current interest will be discussed in detail. 
a) 	. Addition to alkenes. Addition of 1, 2-oxocarbenes to alkenes must be 
regarded as a reaction competing with the Wolff rearrangement. Much 
early work, therefore, involved the study of carboalkoxy carbenes, which 
are more reluctant to undergo Wolff rearrangement than alkyl or aryl 
70 
oxocarbenes. As early as 1903 Buchner reported that the decomposition 
of ethyldiazoacetate (68) in the presence of styrene gave trans-phenylcyclo- 
propane carboxylate (69). The copper(II)-catalysed decomposition of ethyl 
N2CH.CQ2Et ± PhCH=CH 2 
	A > 	
____,CO 2 E 
(69) 
25 
diazoacetate has been shown to be stereospecific by D'yakanov et al. 71 
Skell4a 72 attributed the stereospecificity of the copper-catalysed and 
photolytic reactions to singlet carbethoxy carbene. Addition of carbo-
alkoxy carbene to cis-but-r2-ene 73 also serves to demonstrate the stereo-
selectivity of carbene addition to alkenes, the sterically less crowded exo 
product being favoured (scheme 17). 
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As- mentioned above, Wolff rearrangement does not proceed via triplet 
oxocarbenes, and is less favoured under conditions of transition metal 
catalysis. Decompositions of diazoketones under these conditions, in the 
presence of aikenes, generally lead to the occurrence of addition reactions, 
therefore. Many reported uncatalysed, thermal addition reactions are 
probably not true carbene additions, but rather involve pyrazoline formation, 
followed by loss- of nitrogen and cyclopropane formation (scheme 18). The 
R2C 2 + >==< ___> 
	 -N2 
Schemel8 	 - 
thermal decomposition of 2-diazoacenaphthn-1-one in the presence of 
74 	 -- 
alkenes is a likely example of this, as described in detail later. 
Predictably, the triplet- sensitised  decompo sitions of diazoketones 
are non-stereospecific, as exemplified by the benzophenone sensitised 
photolysis of diazocyclohexanone 51 in the presence of cis- and trans-but- 
49 2-ene. Photolysis of diazoacetophenone, 	whether unsensitised or not, 
26 
gives rise to products of addition in the presence of alkenes. The 
addition is non-stereospecific, indicating that the triplet carbene is involved 
in both cases. This contrasts with the Cu (acac) 2 decomposition, 75 which 
gives stereospecific addition to cis and trans-stilbenes. It is probable 
that an oxocarbenoid species is involved in this reaction, rather than free, 
singlet benzoylcarbene. 
Intramolecular 1, 2-oxocarbene additions to double bonds are particularl 
successful, thus the diazoketone (70) gives the tricyclic ketone (71) either 
on photolysis 6 (R Ph, C 
3 H 7 
 ) or Cu-catalysed decoriposition 77 (RMe). 
R> 0 	 R - -N2 
(70) 	 (71) 
F awzi and Gutsche 78  have carried out a systematic study of the copper(II) 
catalysed intramolecular addition reactions of unsaturated diazoketones 
(72, n=2, 3,4, R=H, Ph). They found that as the value of n increased, 
the yield of the intramolecular addition product dropped, indicating that 
RCHCHCH2)C0.CHN 2 
(72) 
the proximity of the diazo group to the double bond was important for a 
successful reaction. The effect of substitut.on at the double bond was not 
found to be significant, however. 
In theory, 1, 3-dipolar cycloadditions of 1, 2-oxocarbenes to olefins 
(scheme 19; route a)) are possible, though few true examples exist, 1, 1-
cycloaddition followed by rearrangement being an alternative route for 
such reactions (scheme 19, route b)). 
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Scheme 19 
The most convincing example of 1, 3-dipolar cycloaddition of a 
1, 2-oxocarbene to olefins is that of the carbene obtained on thermolysis 
79 
of tetrachloro-o-quiflofle diazide (44). 	This has been added to a number 
of olefins to give dihydrobenzofurafls (scheme 20). The wide range of 
1 	
42,79,80 
apparent .L, 3-dipolar cycloadthtions 	 which this species undergoes 
makes a 1, 3-dipolar cycloaddition mechanism particularly attractive in 
this case. 
CO RCHCHR c 
(R= R'Ph,CO2R RPh,RHCO2R' 
Scheme 20 
From the above discussion, it is clear that the addition of 1, 2-
oxocarbenes to olefins is not a reaction for which the products are easily 
predicted in every case. As well as the problems of stereospecificity, 
stereoselectivity and the possibility of reaction in the 1, 3-dipolar mode 
occurring, there is always the problem that competitive reactions may 
occur. It is understandable, therefore that much effort recently has been 
directed towards achieving greater control over the products obtained from 
28 
these reactions. Where this aim has been accomplished it has generally 
been by using transition metal catalysts, the majority of which, by the 
very nature of the oxocarbenoid intermediates usually involved, give 
stereospecific. reactions and suppress the Wolff rearrangement. 
Transition metal catalysts have also achieved some success in 
altering the normal stereoselectivity of carbene additions to double bonds. 
Paulissen et al. 
81 
 used palladium acetate to catalyse the decomposition of 
ethyl diazoacetate in the presence of styrene. They showed that by adding 
triphenyl phosphite to the reaction mixture, the ratio of trans/cis products 
could be reduced from 2.0 to 1. 0. Presumably the triphenylphosphite 
complexes the metal giving rise to a very bulky group which, on formation 
of the intermediate olefin-metal carbenoid species (73), goes preferably 
trans to any substituents on the olefin. The importance of achieving 
1C0R 
(73) 
control such as this is demonstrated by a recent patent 82 which claims 
that decomposition of ethyldiazoacetate in the presence of 1, l-dihalo-4-
methylpenta-1, 3-diene, catalysed by rhodium(II) salts, gives the vinyl-
cyclopropane carboxylate (74) with an increased cis/trans ratio. The 
ciscompoundIs twice as active an insecticide as the trans isomer. 






of the transition metal catalyst on two systems. Thermal decomposition of 
ethyl 2-allyl-4- diazoacetoacetate (75)83a yields mainly 4 -allyl- 5- ethoxy 
furan -3 (2g-one (scheme 21, route a)), probably because of the strained 
nature of the product from the alternative intramolecular cycloaddition 
reaction (scheme 21, route b)). Bien showed, however, that palladium 
N CHO.CHC02Et —N2 	
0 	
+ OD 
HCCO.CH 	 - 
CH2CH=CH2 	 b) 	I ,.•... 	 II 
(75) 	






catalysts favoured decomposition to give preferentially the intramolecular 
cycloaddition products. It was also demonstrated that rhodium catalysts 
and copper(I) phosphite were highly selective for cyclisation at oxygen. 
Cu (PhCOCHC6Me) 2 catalysis only slightly favoured route b). 
Bien83b has also studied the effect of different catalysts on the 
intermolecular reaction of ethyl 3-diazo-2-oxopropionate (76) with cyclo-
hexene. It was found that rhodium(II) acetate catalyst gave rise mainly to 
the cycloaddition product, together with a small amount of the product of 
N2CH.CO.CO2Et 
(76) 
insertion into the allylic C-H bond. Pd 2Cl 2 (C 3 H5 ) 2 and silver oxide, 
however, gave (77), formation of which was rationalised in terms of Wolff 
rearrangement to a ketene which was trapped by cyclohex-2-en-1-ol. 
30 
E t 02C.0 H2.CO2- 
(77) 
Formation of the cyclohex72-en-l-ol from cyclohexene was shown to be 
catalysed by the catalysts responsible for decomposition of the diazo 
compound. Other catalysts examined in this study were found to be non- 
s-elective. 
One of the -most, exciting possibilities -  which has been realised to 
some extent in recent years, is the enantios elective addition of carbenoids 
to double bonds. A number of examples of asymmetric syntheses using 
1, 2-oxocarbenes and oxocarbenoids have been reported. In 1960, Walborsky 
et al. 
84  reported that the reaction of ethyl diazoacetate with (-)-menthyl 
3, -dimethyiacry1ate followed by hydrolysis gave trans-caronic acid (78). 
H,CO 2H 
HO2G\/H 
Me 7 'Me 
(78) 
Measurement of the optical rotation showed that (-)- trans -caronic acid 
(shown) predominated to the extent of 15. 9% over the (+)-enantiomer. 
Nozaki et al. 
85  had limited success using what, in principle, is 
clearly a more desirable method for asymmetric synthesis, namely the 
use of enantiomeric catalysts to induce optical activity in the products. 
Nozaki8 	used an asymmetric copper complex to catalyse the decomposi- 
tion of ethyl diazoaçetate in the presence of styrene and obtained optically 
active cyclopro.panation products, the optical yield being 6 %. The same 
copper complex was also used to catalyse the decomposition of auyl 
85b 
diazoacetate (79) and 1 diazo-6-phenyl- trans- 5-heXefle 2-one (80),  
31 
the products of intramolecular addition again being partially resolved. 







 cited the fact that ((-)-tribornyl phosphite)-copper(I) chloride 
catalysed the decomposition of ethyl diazoacetate in the presence of styrene, 
giving a 3% optical yield, as evidence for an olefin-carbene-metal complex 
intermediate in this and related reactions. The lower optical yield in 
this case compared to that obtained by Nozaki85b  was attributed to the 
fact that the asymmetric centre of the complex used by Moser was farther 
away from the reaction centre than that of Nozaki's catalyst. 
A systematic- study on the effect of varying the substituents R 1 and 
R 2 of the complex (81) on the enantioselectivity of the catalysed decomposition 
of alkyl diazoacetates in the presence of 2, 5-dimethylhexa-2,4-diene to 
give optically active alkyl chrysanthemates has been carried out. 
87 
 It was 
R1   
(81) 
87a 
found 	that as R increased in size, the optical yields increased. 
Optical yields of 60-70% were obtained using (81, RMe, R 2=5-t-butyl-
2-oct yloxyphenyl) as catalyst. The nature of the alkyl group on the 
diazo ester was also found to affect the enantioselectivity of these catalysts.
87b 
 
Bulky alkyl groups favour formation of trans isomers and increase the 
KTA 
enantioselectivity. For example, 1-menthyl diazoacetate decomposed in 
the presence of optically active (81, R 1 =Me, R 2 =5_t_butyl_2-octyloxypheflyl) 
to give a 72% yield of 1-menthyl chrysanthemate with a 94% enantiomeric 
excess of the trans isomer. 
Nakarnura 88  obtained high enantios electivity in the addition, of ethyl-
diazoacetate to styrene using a chiral bis (cz-camphorquinonedioximato)-
cobalt (II) complex, which is obtained from chiral camphorquinonedioxime, 
readily accessible from natural materials. Nakamura's group 
88c 
 have 
also cited an olefin-carbene-metal complex as an intermediate in this 
reaction on the basis of their experimental results. 
b) 	Addition to alkynes. The addition of carbenes to alkynes to form 
cyclopropenes, though occurring less readily than addition toolefins, is 
90 i 
well documented. 89 The first example of such a reaction 	nvolved copper 
sulphate catalysed decomposition of ethyl diazoacetate in the presence of 
1- phenylpropyne to give ethyl 1- methyl- 2-phenylcyclopropene- 3 -carboxylate. 
When terrninala]k.ynes are involved, insertion of the carbene into the 
acetylenic hydrogen may become the predominant reaction. The copper(H) 
catalysed decomposition of ethyldiazoacetate in the presence of oct-1-yne 
yielded ethyl deca-3-ynoate as major product, together with significant 
amounts of ethyl deca-2, 3-dienoate (82). 91 In contrast, photolysis of 
Me(CH2)5CH CCHCO2Et 
ethyldiazoacetate in the presence of terminal acetylenes yielded the products 
of cyclopropenation. 92 
Since the products of addition of carbenes to alkynes are themselves 
unsaturated, further addition to form bicyclobutane derivatives may occur 
33 
(scheme 22). This has been reported for the copper or copper(II) 
catalysed decomposition of diazoacetates in the presence of alkynes, though 
the palladium catalysed reaction 94 stops at the cyclopropene stage. 
2 H.0O 2R + RtCR' 
HXCO 2R 
H 	02R 
c ,r-hprnp 7 7 
Furan products have been obtained from the decomposition of 
diazoacetates, catalysed by a variety of copper reagents, in the presence 
of alkynes. 
95 It has been shown, however, that these products result 
from rearrangement of cyclopropene carboxylates which form initially. 
96 
96 	 97 
Similar reactions of diazoacetate and diazoacetophenone probably 
proceed analogously. Huisgen80 has reported the 1, 3-dipolar cycloaddition 
of the carbene-obtained by thermal decomposition of tetrachloro-o-quinone 
diazide (44) to acetylenes. In this case, intermediacy of cyclopropene 
species seems less likely. 
c) Additions to heteroatomic groups. The reactions of 1, 2-oxocarbenes 
with multiple-bond heteroatomic functional groups are rich with examples 
of apparent 1, 3-dipolar cycloadditions. The 1, 3-dipolar cycloaddition of 
oxocarbenes to nitriles is particularly successful. Huisgen has reported 
the 1, 3-dipolar cycloaddition of benzoyl carbene 
97 
 and carbethoxy carbene 
98 
 
to benzonitrile. Kitatani et al. 	have reported that tungsten hexachioride 
catalyses the decomposition of diazoketones in the presence of nitriles to 
give reasonable yields of oxazoles, decomposition of azibenzil in acrylo- 
nitrile giving 50% yield of 4, 5_diphenyl-2-viflylOXaZOle with no detectable 
34 
cyclopropanation occurring. Similar results, with somewhat lower yields, 
have been reported by Paulissen '°° for the palladium(II) acetate catalysed 
decomposition of ethyl diazoacetate in the presence of nitriles. Carbo-
methoxytrifluoroacetylcarbene (83), which is reluctant to undergo Wolff 
rearrangement, has been trapped as  1, 3-dipole by acetone '°' (scheme 
23), as well as acetonitrile. 
Me Me 
F3C.CQC.CO 2R + Me2CO 	 I '-z dimer) 
(83) 	 - 
CF3 02R 
Scheme 23 
Again the 1, 2-oxocarbene derived from tetrachloro-o-quinonediazide 
(44) has been used by Huisgen42 to demonstrate the 1, 3-dipolar nature of 
1, 2-oxocarb en-es. As well as with nitriles and ketones this carbene has 
been- trapped by thioketones, azomethines and phenylisothiocyanate. The 
tetrafluoro analogue behaves similarly. 102 
1, l-Cycloa.dditions of 1, 2-oxocarbenes are somewhat rarer than 
1, 3-dipolar cycloadditions. A recent example, reported by Hubert et al. 103 
is the. copper(II) or rhodium(II)-catalysed decomposition of alkyl diazoacetates 





A number of examples exist of apparent carbene cycloadditions to 
heteroatornic multiple bonds to which non-carbene mechanisms have been 
ascribed because of the conditions under which the reactions have been 
35 
carried out. Izydore and McLean
104 
 attributed formation of (85), from 
ethyl diazoacetatè and 4-phenyl-1, 2, 4-triazoline-3, 5-dione, to 1, 3-dipolar 
cycloaddition of the diazo compound to the nitrogen-nitrogen double bond 
of the starting material, followed by loss of nitrogen. A similar series 
of events was used by Tashiro and his co-workers 
105 
 to explain the 
t 
(85) 
apparent 1, 3-dipolar cycloaddition of 1, 2-oxocarbenes to thiobenzophenone 
to give oxathiole derivatives, since the reactions occurred under mild 
conditions. This, together with the observation by Cadogan, Sharp and 
Trattles 24 that the oxocarbene derived from sodium o-bromophenoxide (34) 
did not under!, 3-dipolar cycloaddition to benzonitrile, except in the 
presence of moisture, must throw some doubt on the intermediacy of 1, 2-
oxocarben-es in some other addition reactions, most especially in some of 
the apparent 1, 3-dipolar cycloadditions mentioned above. It should be 
noted that Huisgen5bl42  defends the 1, 3-dipolar mechanism for the thermal 
decomposition of tetrachloro-o-quinone diazide on the grounds that different 
dipolarophiles give very similar values for the rate of evolution of nitrogen. 
He acknowledges that addition to diphenyl ketene is an exception, however, 
this reaction proceeding at room temperature in a manner analogous to 
that shown in scheme 11. 
3. 	Reactions with aromatic species 
a) 	Reactions with carbocyclic aromatic compounds. Thermolysis of 
11 
36 
ethyl diazoacetate in the presence of benzene was reported in 1885 by 
Buchner and Curtius. 
106 
 The mixture of products formed were identified '°7 
as the esters of five isomeric acids ("Buchner acids"), namely the four 
cycloheptatriene carboxylic acids (86) and the norcaradiene derivative (87). 
Because of the facile interconversion of these isomers, it was not until 
1956108 that the correct structures were assigned to each isomer. Doering 
CIO 2H rH- LV'CO2H 
(86) 	 (87) 
and his co-worker-s '08 showed that only four isomers existed, and that none 
of these isomers had a norcaradiene skeleton. On the basis of the n. m. r. 
spectra, Doering assigned planar, PS eudo -aromatic "tropilidene" structures 
(88) to each of the four isomers. It is now generally accepted, however, 




is overwhelming evidence 	supporting a fluxional "boat" structure (89). 
Reaction of carboalkoxy carbenes with substituted benzene derivatives 
generally gives more complex mixtures of products. With alkyl substituted 
benzene derivatives, insertion into the aliphatic C-H bonds becomes more 
comm 	
110
on as the degree of substitution increases. 	Photolysis of ethyl 
ill 
diazoacetate in hexafluorobenzene 	gives a reasonable yield of cyclo- 
heptatriene product, however. 
37 	 - 
Addition of carbethoxy carbene to fused-ring aromatic species, in 
contrast, yields mainly benzonorcaradiene derivatives. 
112 
 For example, 
thermolysis of ethyl diazoacetate in naphthalene1 1 2a yields the exo form 
of (90) in 52% yield. 
U 
EN 
Additions of simple alkyl or aryl 1, 2-oxocarbenes to aromatic species 
were less common in the literature until recently, though both inter- and 
intramolecular reactions are now known. Thus, (91) is decomposed on 
heating in the presence of CuC1 and benzene 
113 
 to give the bis(cyclohepta-
trienyl)species (92), and (93) is reported 1 to be produced by intramolecular 
0 
OCHN 
002-. 	 02 
(91) (92) 
addition, followed by rearrangement, on decomposition of (94; RH). 
115 
Cadogan and his co-workers 	have reported the first example of addition 
(93) 
of a 1, 2-oxocarbene to benzene to give a stable norcaradiene species. 
Photolysis of 2-diazoacenaphthen-l-one (50) in benzene gives rise to the 
spironorcaradiene (95) in high yield. 
(95) 
Maas and Regitz 
116
studied the photolytic decompositions of a number 
of a-diazophosphonates (96), including some with carbonyl groups adjacent 
to the diazo function, in benzene and benzene derivatives. They obtained 
products which existed as norcaradienes, cycloheptatrienes, or as rapidly 
equilibrating valence tautomeric mixtures of both, depending on the exact 
nature of the substituents present (scheme 24). The reactions of ethyl 




(R CO2Me,CO.N HC5H4NO,PO(OMe)2; X HC1,CF3 ) 
Scheme 24 
diazoacetate and dimethyl diazomalonate in substituted benzene derivatives 
were also reported to give similar results. 116 
A possible 1, 3-dipolar cycloaddition of a 1, 2-oxocarbene to benzene 
ha-s been reported by Trost and Kinson. 45 9-Diazo-4, 9-dihydro-8H-cyclo-
penta{jphenanthr en- 8-one (48) on photolysis in benzene was reported to 
give the dihydrofuran species (97). This species may, however, be con- 
sidered as arising from rearrangement of an intermediate spironorcaradiene. 
39 
Insertion reactions of 1, 2-oxocarbenes into Ar-H bonds have been 
reported in several cases whose Wolff rearrangement fails. Trifluoro-
acetyl ethoxyJarbonyl carbene inserts into C-H bonds with no competing 
reaction. 
117 
 Ried and Baumbach43 obtained insertion products (98) on 
thern-iolysis of 3-diazo-2-oxo--9, 10-anthraquinone (46) in aromatic solvents. 
Huisgen80 obtained similar results on thermal and photolytic decomposition 
of tetrachloro-o-quinone diazide (44). It is worth noting that thermal 
decomposition of (44) in chlorobenzenegives 1, 2, 3,4-tetrachlorodibenzofuran 
r1;)I 
(99), as well as the formal insertion product 2,3,4,4, 5-pentachlorodi- 
80 
phenylether. Huisgen rationalised formation of this product on the basis 
of loss of HCl and cyclisation of a second insertion product, 2, 2 1 , 3,4, 5-




obtained by Maas and Regitz1 
16 
 on photolysis of dim ethyl diazomalonate 
in 1,4-dichlorobenzene at 100 °C was postulated to have arisen via loss of 
MCi from a dichioronorcaradiene, followed by rearrangement of the resulting 
benzocyclopropené (scheme 26). Such reactions have been shown to occur 
. 118 
for isolable benzocyclopropenes. 	A third rationalisation of a similar 
Me. 
1O2Me H 	 O2Me 	
,
0 Me c - 10 Me 
Scheme 26 
product was provided by Trost and Kinson45 who cited elimination of HC1 
from a chioro derivative of (97) as the mechanism of formation of 4H- 
benzoftjcyclopenta[4, 5]phenanthro[9, 10-]furan (100) on photolysis of (48) in 
chlorobenzene. 
uI-,  Lei J 
Intramolecular insertion reactions of 1, 2-oxocarbenes 
have also been observed. On thermolysis in the presence of copper, (94, 
RMe) yields the intramolecular insertion product (101), as ',iell as the 













In the light of all these results, and in view of the fact that formal car-
bene insertion products may be rationalised as arising via addition, followed 
by opening of the 3-membered ring formed and hydrogen migration, it is 
extremely tempting to propose, a unifying mechanism for the reaction of 1, 2- 
oxocarbenes, and, indeed, carbenes in general, with aromatic species. 
The first step of this mechanism would always be addition of the carbene 
to the aromatic double bond, and subsequent steps, if any, would depend on 
the exact nature of the 1, 2-oxocarbene and aromatic species involved, and 
the conditions under which the reaction was performed (scheme 27). 
b) 	Reactions with heterocyclic aromatic compounds. Many reactions of 
1, 2-oxocarbenes and carboalkoxy carbenes with heterocyclic aromatic species 
have been reported. Photolysis 120 of ethyl diazoacetate in furan gives the 
product of addition to the 2, 3-carbon-carbon double bond. Z-Ikyifurans 
yielded acyclic dicarbonyl compounds when reacted with diazoket ones 121 or 
ethyl diazoacetate 122 in the presence of copper (scheme 28). The isolable 
furan adducts described above yielded similar ring -open.ed products on 
o 120 	 123 
heating at 140-160 . 	Nefedov et al 	have studied the reaction of 
I -LR + N2CH.COR" Cu , 
(RcUkyLciryLOR ) 
Scheme 28 	. . 
alkenylfurans (102) with ethyl diazoacetate. They found that addition to 
the olefinic double bond occurred preferentially when this lacked substituents 
3 
(102; RR =R H RH, Me, Br, Cl). When the olefinic double-bond is 
42 
RJIIIIIJ1-CR1=C  P2 R3 
 
substituted (102; R=R 2 H, Me; R
3 
 =Me; R=H) attack on the furan ring 
occurs in an analogous manner to that shown in scheme 28. The mode of 
decomposition of the diazoester did not affect the mode of reaction. 
Hoffman and Shechter 124 found that ethyl (2-furyl)diazoacetate decomposed 
thermally to ethyl 6-oxo-cis--hex-4-en-2-ynoate (103). Catalysed or photo- 
CO2Et 
 
chemical decomposition in hydroxylic solvents yielded more complex. 
mixtures of products, the distribution of products depending on the solvent 
and mode of decomposition. 
125 
Although, Porter 	has recently reported that rhodium(II) catalysed 
decomposition of dimethyldiazomalonate in the presence of derivatives of 
thiophene yields thiophenium ylides, thiophene has been found to react with 
ethyl diazo acetate in an analogous manner to furan, yielding products of 
- 	120,126 
cyclopropanation. 	 In contrast pyrrole derivatives undergo insertion 
127 . 	 . 	. 	 1 2 into the 2-positi0n, 	unless this is blocked, in which case n-attack occurs 
(scheme 29). One exception is N-methoxycarhonylpyrrole which has been 
128 
shown 	to undergo addition when reacted with ethyl diazoacetate in the 
presence of CuBr. 






II 	 R4MeR=RRH; 
R1 =Me,=R3=H 
Rt'=Me,R 3 H) 
1 3 
Scheme 29 
in the presence of benzofuran, benzothiophene and indole. Reactions 
analogous to those for the monocyclic compounds were obtained, though 
indole and Nmethylindole were attacked at the 3-position, rather than the 
2-position, and benzothiophene was attacked in the carbocyclic ring as well 
as the heterocyclic ring. Wenkert et a1 
130 
 have recently reinvestigated thes 
reactions. They found that the reaction with benzothiophene, in addition to 
the products identified by Badger, gave a small amount of the 3-substituted 
insertion . product. The copper-catalysed reaction gave as major product 
the triethyl cyclopropanetricarboxylate. It was suggested that formation 
of this compound involved reaction of the carbene tidimers,  diethyl fumarate 
and diethyl maleate, with the ylide (104). It was also shown that 3-sub- 
-HCO2Et 
(104) 
stituted indoles gave products of insertion into the 2-position, and N-
acylindoles gave cyclopropane products. Copper- catalysed decomposition 














Few examples exist of reactions between 1, 2-oxocarbenes and 6-
membered nitrogen- containing heteroaromatic compounds. Abramovitch 
and his co-workers 
131 
 proposed that intermediacy of benzoylcyano carberte 
might explain some of the products obtained from the reaction of pyridine or 
quinoline-N-oxides with phenylpropiolonitrile (scheme 30). Thermolysis 
of benzoylcyanodiazom ethane in pyridine 
132 
 did in fact yield the products 
(105) and (io.) but the ratio of (105):(105a)was vastly different in the 
decomposition of the diazocompound (23:3 cf. 61:<1) suggesting another 
route accounted for most of the material produced in the original reaction. 
Thermal decomposition of ethyldiazoacetate in isoquinoline '33 gives 
a stable nitrogen ylide. 
4. 	Other reactions 
A number of other reactions of 1, 2-oxocarbenes occur which are 
generally of much less importance than those already discussed. Some of 
these have been mentioned in passing and a few others will be described 
briefly here. 
A) 	Insertion reactions. Doering and Knox 134 have shown that carboalkoxy 
carbenes are quite selective in their insertions into C-H bonds of saturated 
hydrocarbons, insertion into tertiary bonds being favoured over insertion 
into secondary bonds, which, in turn is favoured over insertion into primary 
C-H bonds. Similar studies have been carried out using bicyclic hydro-
carbons 
135 
 and ethers, 
136 
 for which C-O insertion also occurs, probably 
via an intermediate oxygen ylide. Jones and his co-workers 137 have 
examined the reaction of bis (carbomethoxy)carbene, generated photolytically, 
with 2, 3-dimethylbutane. In the non-sensitized reaction C-H insertion 
45' 
predominated, whereas in the benzophenone-sensitized case, significant 
amounts, of hydrogen abstraction and free radical dimerisation products 
were obtained, implying that the singlet species was responsible for the 
insertion reaction. 
Intramolecular insertions of carboalkoxy carbenes have also been 
observed. 
138 
 In the case of decomposition of tert-butyldiazoacetate (106.) 
in cyclohexne, I 
38 
intramolecular insertion competes with the inter-







C-H Insertion reactions of 1, 2-oxocarbenes are somewhat rarer. 
117 
Garb ethoxytrifluoroac etylcarbene inserts into cyclohexane, 	and a number 
139 	 139c of intramolecular cyclisations have been reported. 	Takaishi et al. 
have demonstrated formation of the tetracyclic cyclobutanone compound 
(108), on the silver oxide catalysed decomposition of (107). The copper(II) 
sulphate decomposition of (107) gave a different intramolecular insertion 
product, namely (108a). 
Ag Cu 2+ 
OCHN 2 
(108) 	' ' 	, 	 (107) 	 (108c) 
Photochemical insertion of carboalkoxy carbenes into carbon-halogen 
bonds of polyhalom ethane s has been reported. 140 Not surprisingly, free 
radicals are involved to a large extent in these reactions and extensive 
C. I. D. N. P. studies into them have been carried out by Iwarnura and his 
01101 
co-workers. 141 
Insertion into 0-H bonds may occur with diazoketones for which 
42,142 	 142c 
Wolff rearrangement is suppressed. 	Schank and his co-workers 
have recently studied the copper-catalysed decomposition of a-carbonyl 
and a-sulphonyl diazo compounds, and have demonstrated that insertion 
increases at the expense of Wolff rearrangement as delocalisation of the 
carberie electron pair decreases.. 
b.) 'Dimerisation" Olefins, which are formally dimers of the carbene 
produced, are often encountered in the decomposition reactions of diazo. 
compounds, 1 13 aud the decomposition of diazoketones is not an exception. 
In 1938 Grundmann 143 reported that such reactions occurred in the copper 
oxide catalysed decomposition of diazoketones in non-polar solvents. For 
example decomposition of diazoacetophenone gave the unsaturated 1,4-
diketone (109) in 39-65% yield, depending on the solvent. A large number 
PhCO.CH=CH.CO.Ph 
of these dimeisations were subsequently studied, notably by Ernest 14 
It is extremely unlikely that such reactions are true dimerisa.tions, attack of 
the carbene (or carbenoid) on the starting diazo compound and loss of nitrogen 
being a more likely series of events. The isolation of azines (110) in 
certain cases, 
48,85b,145- 
 adds weight to this hypothesis. 
P 2 1 \4  
(110) 
More often than not, carbene Tdimerisationu  is an undesired reaction 
occurring at the expense of the required process. A recent example of 
this '4° is provided by the decomposition of the adamantane deriyative (111). 
Copper(Ii) sulphate decomposition of this compound gave only 10% yield of 
47 
the desired insertion product (112), the major component of the product 
mixture (42% yield) being the formal carbene dimer. Special high- 
COCHN 2 
(111) 	 (112) 
dilution techniques were necessary to increase the yield of (112) to 55%, 
the yield of the dirner dropping to 1 -2%. 
Intramolecular coupling of bis(diazoketones) has found limited 
application. Font et al. 
147 
 synthesised 4-hydroxytropone (113) by 
dehydrochiorination of 6 -chiorocyclohept- 2- ene- 1, 4-dione which was 
formed on de-composition of (114) by copper(II) acetylacetonate. Kulkowit 
148 
	
and McKervey• 	have synthesised a number of medium and large ring 
cycloalk- 2- ene- 1, 4-diones by .a similar process. 
1-CO.CH N 2 
V 	 CE 
CO.CHN 2 
OH 
1113) 	 (114) 
It will be noted that all the examples of "dimerisation" mentioned 
so far have involved the use of cata1yst.. In the. absence of these catalysts, 
Wolff rearrangement is more likely to occur and the Hdi mer i s ation 
process leads then to ketene acetal formation as shown in scheme 11. 
The dimeru formed on thermal decomposition of (115) in xylene '49 is 
slightly different. In this case attack occurs at the carbon-carbon double 
bond of the intermediate ketene to give the furanone (116). A similar 
SRI 
U 





product was obtained by Maas and his co_workers150 on photolysis of 
dim ethyldiazornalonate in molten 1,4- dichlo rob enzene. 
c) Ylide formation 
As has already been mentioned, oxygen ylides have been postulated 
as intermediates in the reaction of carboalkoxy carbene with ethers. 136 
Much evidence supporting this mechanism has been obtained using C.I. D. 
151 	 152 
N. P. 	and labelling techniques. 	Unstable sulphur ylides have also 
been proposed as intermediates, for example in the copper catalysed 
153 
decomposition of (115) 149, 
	







Ando and his co-workers 	have isolated a number of stable 
sulphur ylides by reacting a series of sulphides with carbenes bearing 
electron withdrawing groups. For example, photolysis of dimethyl diazo- 
154b 
maloriatein the presence of alkyl and aryl sulphides 	gives stable 
sulphoniurribiscarbornethoxy methylides (118). Yields of the ylides varied 
PS-C(COe) 7 
 
with the nucleophilicity and steric hindrance of the sulphides. 
154c 
 For 
phenyl or benzyl sulphides, copper or copper salt catalysed decomposition 






Oxosuiphonium ylides were the major products obtained on the 
cuprous chloride catalysed decomposition of dimethyldiazomalonate in 
the presence of suiphoximines. 
155 
 Photolysis of dim ethyl diazomalonate 
154c, 156 
in the presence of suiphoxides 	 also gave oxosuiphonium ylides. 
Although nitrogen ylides have also been suggested as intermediates 
in ieactions of tertiary amines with carboalkoxy caibenes, 
157 
 isoquinolinium 
carbethoxymethylide (119)133  is the only stable nitrogen ylide isolated 
to date. 
(119) 
5. 	Reactions of 2-diazoacenaphthen-1-one 
As has already been mentioned, 2-diazoacenaphthen- 1 -one (50) does 
not yield products of Wolff rearrangement on decomposition. Horner 47 
obtained acenaphthenequinone from photolysis of (50) in aqueous dioxan. 
Ried and Lohwasse 8 found that thermal decomposition in refluxing xylene 
yielded bis(acenaphthylidene)dione (120) and the ketazine (121), and not the 
ketene acetal expected if Wolff rearrangement were to occur. De Jongh 
and van Foss en 158 obtained (120) on pyrolysis of (50) at 160 °C. The 
failure of the Wolff rearrangement is clearly due to the great increase in 
strain which would occur on forming the ketene (122). The cyclobuta[de]-
naphthalene system is accessible via another carbene route, however. 
50 
Bailey and Shechter 
159
obtained the 1-bromo derivative on photolysis 
of (8-bromo-l-naphh yl)diazomethane (123). 
r 	çHN 2 
(122) 	 (123) 
Because of its reluctance to undergo Wolff rearrangement, 2-diazo-
acenaphthen-l-one has been used fairly widely to examine a number of the 
other reactions of 1, 2-oxocarbenes. Tsuge èt al 
74 
 examined the decom-
position of (50) in refluxing benzene in the presence of olefins. The 
isolation of cyclopropane products (124) does not imply the intermediacy 
of the oxocarbene, however, since 2-diazoacenaphthen-1-one does not 
decompose in refluxing benzene in the absence of olefins,and olefins not 
bearing electron--withdrawing groups do not form cyclopropanes. This 
suggests that cycloaddition of the diazo compound to give pyrazolines (125). 
followed by loss of nitrogen is the most likely mechanism for the formation 
(124.) 	 (12 b) 
ni U2c.t 
of (124). The fact that stable pyrazoles were obtained on reaction with 
phenylacetylene and diethyl acetylenedicarboxylate supports this view. 
Tsuge' also reported the copper catalysed reaction of (50) in the presence 
2 of diethyl iumarate to give (124, RR =CO 2Et) and in the absence of olefin 
51 
to give (120). 
T suge160  has also studied the photolysis of (50) in the presence of 
nitriles to give 2-substituted acenaphth{l, 2-]oxazoles (126). Photolysis 
of (50) in the presence of acetonitrile gave (126, R=CH=CH 2) in contrast 
to the thermal decomposition, under the conditions described above, which 
1  
gave (124, R =H, R 
2
=CN). Thermal decomposition in benzonitrile gave 
(1.26, RPh) in 8% yield, the yield from the photolytic reaction being 24 %. 
(126) 
Tashiro and his co-workers 
105 
 have studied the reaction of (50) 
with thiobenzophenone. Although this reaction does not involve the Wolff 
rearrangemit, and is thought not to involve free oxo-carbenes at all, (50) 
undergoes reaction in a different manner from other a-diazoketones which 
do normally undergo Wolff rearrangement. Azibenzil and 10-diazophen-
anthren-9-one (53) both gave 1, 3-oxathioles, i. e. the products of formal 
1, 3-dipolar cycloaddition of the corresponding 1, 2-oxocarbenes to the 
carbon-sulphur double bond, whereas (50) gave diphenylmethylideneace-





of cycloaddition of the diazo compounds to the carbon-sulphur double bond, 
followed by loss of nitrogen to give thiirane derivatives (128) which may 
either ring open and ring close to 1, 3-oxathioles, or lose sulphur to give 
conjugated enones (scheme 32). The preference for the latter route in 
the case of the decomposition of 2-diazoacenaphthen-l-one was ascribed 
to unfavourable ring strain in the intermediate zwitterion (129). This 












seemsunlikely however, and an alternative explanation of these results 
might be rearrangement of (128) to the 1, 3-oxathiole via an electrocyclic 
process such a process being unfavourable for the acenaphthenone 
derivative because of the greater distance between the carbonyl oxygen 
and the thiirane• carbon ('). 
The photolysis of 2-diazoacenaphthen-l-one in benzene, reported. 
IF, 
by Cadogan and. his co-workers 	- provided the first example of addition 
of a 1, 2-oxocarbene to benzene to give a stable norcaradiene (95). Addition 
to toluene and-xylene also gave stable norcaradiene derivatives. 
Cadogans group 16' has also reported the formation of a stable phosphorus 
ylide (130) on the copper catalysed decomposition of (50) in the presence of 
Ph 
(130) 
1, 2, 5-triphenyiphosphole. 
C . 	N orcaradienes 
1 • 	The N orcaradiene- cycloheptatriene :equilibrium 
The question of the existence of compounds having the bicyclojj4. 1. OJ-
hepta- 2, 4-diene, or "norcaradiene, skeleton (131) was the subject of 
much experiment and discussion after Buchner and Curtius06 discovery 
of the addition of ethoxycarbonyl carbene to benzene in 1885. The various 
hypotheses concerning the existence and nature of norcaradienes could not 
be tested reliably, however, until the advent of nuclear magnetic resonance 
spectroscopy provided an analytical tool which would unambiguously 
distinguish the norcaradiene structure from possible alternatives. In 
1965, Ciganek 
162
used this tool to demonstrate that, for the 7-cyano-7-
trifluoromethyl derivative at least, the hypothesis that norcaradienes 
existed in valence tautorneric equilibrium with corresponding cyciohepta-
trienes (scheme 33), similar to that demonstrated for the bicyclo{4. 2. 0]- 
2 ., 4-diene/cycloocta- 1, 3, - triene system, 163 was correct. . The 
evidence up to that time for this and the other hypotheses which existed. 
,64 





Since then, many other examples of similar equilibria have been 
found, and the factors influencing the position of the equilibrium between 
norcaradien.e.s and cycloheptatrienes investigated. These factors may be 
divided into three groups: a) the effect of annellation, b) the effect of 
bridging, and c) the effect of substituents. 
a) 	Annellation. When a norcaradiene/cycloheptatriene system 
is fused to an aromatic ring, the tautomer which includes a double bond 
which is common to that tautomer and the aromatic ring is favoured. 
Examples of this are provided by the major product obtained on decomposition 
of ethyldiazoacetate in naphthalene 
112a,165( 
 90), 	and its isomer (132), 
produced onheating the norcaradiene at 260? 
liZa 
 Huisgen used proton 
n. m. r. to demonstrate that the structures shown were correct, 	a and 
that the ester group of ( 90 ) 	was exo to the six-membered ring. Clearly, 
OEt 
(132) (90) 
conversion of either of these species to its valence tautomer would involve 
the loss of aromaticity of the benzene ring. Such a process would only 
occur at high temperatures, and, presumably, (132) arises via proton shift 
.1 # 
and re-aromatisation of the cycloheptatriene form of (90) produced 
in this manner. 
Further evidence for such a process is obtained from the proton n. m. r. 
of benzonorcaradiene itself (133). 166 At room temperature, two separate 
signals are obtained for the exo and endo geminal cyclopropane protons. 
LLJ 
	LJ 
(133) 	 (134) 
These signals coalesce at 1800,  however, indicating that the protons are 
interchanging rapidly, presumably via the non-aromatic cycloheptatriene 
(134). 
b) 	Bridging. Compounds of the general type (135) tend to exist 
in the cycloheptatriene form (135a) when n4. 
167
>,4. 	n=3, however, 
the norcaradiene form (135b) is stable. 
168 
 Maier 16 interpreted this as a 
"bracket effect, " the bridging ring, when small, holding carbon atoms 1 and 6 
IICH2)n 	 EIIIIIH2n 
(135o) 	 (135b) 
close together, thus favouring the norcaradiene form. An alternative 
interpretation of these observations is that they are manifestations of 
Bredt's rule. 
169 
 Generally, the existence of bicyclic compounds with a 
double bond at the bridge is not favoured. If the rings of the system are 
large enough, however, the strain involved in having a double bond at the 
bridge may be accommodated. In the above exampl e, when n4, the 
rings are large enough to accommodate the strain of two double bonds at 
the bridge. For n=3, however, this strain is greater than that involved 
in forming the norcaradiene system and (135b) is the preferred tautomer.. 
Such bridged norcaradiene species may be regarded as "propellanes. 170 
An interesting example of the effect of bridging on the position of 
171 
the norcaradiene-cycloheptatriene equilibrium arose from Eschenmos er's 





(137) existed as a norcaradiene, whilst the corresponding dicarboxylic 
acid was a cycloheptatriene. The two species were easily interconvertible 
(scheme 34). 'Eschenmoser 172 later demonstrated that a similar situation 
existed for cyclohepta-1, 3,.5-triene-1, 6-dicarboxylic acid and the corres-








   
Scheme 34 
	 L 
was less facile. 
It should be noted that the exact nature of the bridge between carbons 
57 
1 and 6 affects the position of the equilibrium.' Although a bridge containing 
four carbon atoms generally favours the cycloheptatriene form, a number 
of compounds with four-membered bridges containing a nitrogen atom have 
been shown recently to exist in the norcaradiene form. 
173 
 The lactam 
EM 
(138)173 is an example of this. 
A special class of compound is obtained when an unsaturated, 4-
membered bridge joins carbons 1 and 6 of the cycloheptatriene ring, namely 
1,6-methano[10jannulenes. The parent hydrocarbon (139), first reported 
by Vogel, 174 shows no evidence for any valence- tautomeric equilibrium 
175 
with the norcaradiene form (140). It has been shown 	that the perimeter 
atoms of this system, its homologues, 176 and its heteroatomic analogues 173,177  





reluctance to form norcaradiene species, though it should be noted that, at 
500°C, (139) rearranges to 5H-benzocycloheptene, the norcaradiene (140) 
being a possible intermediate in this rearrangement. 
C) 
	
Substitution. Cycloheptatriene and most of its simple derivatives 
exist as monocyclic species, with little tendency to form norcaradienes at 
164 	 . 
ambient temperatures. 	A number of compounds with simple substituents 
116, 162, 178-182 





116, 162, 181-185 
mixtures 	 however. All such species isolated so far bear 
substituents at the 7-position, although substitution at other positions also 
affects the position of the norcaradiene-cycloheptatriene equilibrium. 
(i) 	Effect of substituents at the 7-position. Almost all of the 
compounds which exist as stable norcaradienes or as valence tautomeric 
mixtures at room temperature have substituents at the 7-carbon atom which 
are strongly electron withdrawing, or are capable of accepting electrons 
into suitable, vacant Tr-orbitals. 116,1162,178-185 These observations 
led Hoffmann 186 and Ginther 187 to propose that norcaradienes were 
stabilised by rr-electron accepting ligands possessing low-lying, unoccupied 
molecular orbitals, the most important stabilizing interaction being the 
mixing of the acceptor orbital into the antisymmetric component of the 
occupied degenerate Walsh orbital pair of the cyclopropane ring 
Recently, it has been found that iT-electron donors may also stabilise 
the norcaradiene system, 
188 
 the explanation offered being that any type 
of Tr-interaction  leads to a lowering of the occupied molecular orbital, 
and hence to stabilisation. 
An alternative explanation for the stabilisation of norcaradienes by 
subs tituents in the 7-position, originally offered by ciganek8lb to explain 
162., 181 
the stability of the first simply substituted stable norcaradiene (142), 1 . 
is that a large bond angle, a, (arising from mutual repulsion of the two 
59. 




(11,2) 	 . 
thus favourin.g the norcaradiene form.. This concept is supported to a 
certain extent by evidence from Spiro systems. 189.- 195 
	189 
Jones 	has 
reported that photolysis of 3-diazo-6, 6-dimethylcyclohexa-1,4-diene in 
benzene yields the spiro norcaradiene (143). In contrast, compounds with 
190 	
191 membered spi 	
190b 	 191 
3- 	or 4- 	 ro rings, for example (144) 	and (145) 
CY 
(143) 	 (144) 	 (145) 
exist as cycloheptatrienes at room temperature. Compounds with 5-
membered spiro rings appear to be borderline cases, some existing as 
.115,192,193 	 193,19 
stable norcaradienes, 	 some as valence tautomeric mixtures, 
and a few as cycloheptatrienes 
193 195
at room temperature. 
Sadly, the compound which might be expected to demonstrate which. 
of these two factors is the more important has not yet been made. 196 
According to Hoffmann, 
186 
 a Spiro cyclohéptatriene ring would have the 
wrong geometry to stabilise the norcaradiene ring system, and such 'a 
system would exist as spiro[6, 6]tridecahexaene (146). . If the size of the 
angle a is the most important feature in determining the position of the 
no rcaradiene- cycloheptatriene system, then a fluxional spiro(cyclohepta-
triene norcaradiene) system (147) would be expected. 
A number of workers have used variable temperature n. m. r. to 




measure the thermodynamic and kinetic parameters involved in the 
equilibria of substituted cycloheptatrienes and norcaradienes. 116,181-5,19 . 3  
Ciganek 18 used variable temperature 19 F n. m. r. to estimate the activa-





value of ca.7 kcal mol ' was obtained. The enthalpy change for the 
equilibrium between (148) and its cycloheptatriene form was estimated at 
+6 .kcal mo1. 
Ciganek '8 also attempted to use laser Raman spectroscopy to 
estimate the equilibrium constants for (149a)(149b) (X=CN, CF 3 , CO2 Me, 
Ph). The results-were not concordant with more accurate values obtained 
CxV 	Cxx 
(149c) 	 (149b) 
l8ld 
from variable temperature proton n. rn. r. studies, 	however. 
183 
Hall and Roberts used 220MHz proton n. m. r. to examine the inter- 
conversion between methyl 7-phenylnorcara-2, 4-diene-7-carboxylates and 
their c ycloheptatriene tautomers for compounds with different para substitutes 
in the phenyl 	
81d 
 ring. Ciganek 	used their results, which were inconsistent. 
- 	 - 	 185 	H 	 187 with the prealctions of r{olirnann 	and GunLher,. 	together with his own, 
t.3 support the suggestion that norcaradienes may be stabilised by 
b  
a "through- space" charge transfer between the six-membered diene ring 
and the subs tituent endo to that ring, in addition to stabilisation by Tr- electron 
acceptors and a wide external an 	at C 7 . Daub, 
197 
 who, together with 
his co-workers, used ionic species to study the norcaradiene-cyclohepta-
triene equilibrium, 
197a 
 has shown that such an interaction would be anti-
bonding in nature, however. 197b 
Much work has been done by Gunther and his collaborators 
18Z 
 to 
provide -accurate thermodynamic data fora number of norcaradiene-cyclo-
heptatriene equilibria. Dimethyl cyclohepta- 1, 3, 5- triene -7 ,7-dicarboxylate 
was shown to undergo a rapid, reversible tautomerism with the corres-




same technique was used, in conjunction with variable temperature 
n.m. r. to demonstrate similar equilibria for (150) (XCO 2Et; P0(01\4e) 2 ) 182b 
>  p  <X h 	 X h 
(i5O) 	 (150b) 
It 	 18 
On the basis of these and earlier results, 181b GntherZb assigned the 
following order for the ability of substituents at C 7 to stabilise the norcara-








Gnther182C used 3C n. m. r. to re-examine the equilibria between 
methyl 7-phenylnorcara- 2, 4-diene--7-carboxylates and the corresponding 
cycloheptatrienes, originally studied by Hall and Roberts. 183 hi contrast 
62 
to Hall and Roberts' results, Gunther found that para substituents in the 
phenyl ring exerted no influence on the equilibrium position, the enthalpy 
difference between the norcaradiene and cycloheptatriene forms-being ç. 
2. 1 kcal rnol for all such compounds examined. This conformity was 
attributed to the phenyl ring adopting the position endo to the six-membered 
diene ring. (151). As a consequence, the orbitals of the phenyl ring are 
orthogonal to the Walsh orbitals of the 3-membered ring, and no interaction 
—CO2Me 
(151) 
can occur. 13 C N. m. r. was also used 
182c 
 to examine the equilibrium 
between ethyl 7- phenylno rca ra- 2,4- diene- 7- carboxylate and the cyclohepta-
triene tautomer. In this case the enthalpy difference found was 1.6 kcal 
mol 1 . The shift in the equilibrium position towards the cycloheptatriene 
form' on going' from the methyl to the ethyl ester is the opposite to that 
predicted on electronic grounds. Steric interaction between the ethyl group 
and the protons on C 1 and C 6 of the norcaradiene form is a possible explana- 
tion of the observed effect. 182c 
Dllrr andKober 193 have studied the effect of substituents on the spiro-
(cyclopenta- 2, 4-diene- 1, 7 '-norcara- 2', 4 '-diene)/spiro(cyclohepta-Z, 4, 6-
triene -1, 1 ' - c yclopenta-'2', 4' -diene')' , system (152). 	They found that sub- 
stituents on the cyclopentadiene ring favoured the cycloheptatriene tautomer, 
whilst substituents on the norcaradiene ring stabilised the norcaradiene form. 
Although the angle a might have been expected to be of significance, the 
results of these studies supported the theories of Hoffmann 
186 








Kl'árner 184 used a variety of 7-methylnorcaradiene/cycloheptatriene 
derivatives to examine the effect of substituents on the equilibrium position. 
He found that the ability of substituents in the 7-position to stabilise the 
norcaradiene form lay in the order CO 2H > CO 2Me > COC1 > CONH2 > CN. 
The apparent inconsistency between these results and those of Gunther, 182b 
described above, is resolved when the different effects of exo and endo 
substituents are considered. The linear nitrile function is able to stabilise 
the norcaradiene ring in both the exo and endo positions. The bulkier 
ester group, however, can only adopt the geometry required for inter-
action of the ii and Walsh orbitals when it is exo to the six-membered 
ring. Consequently, the stabilising effect of two nitrile groups at the 7-
position is far greater than the effect of two carboxylate substituents. 
Maas and Regitz 16 used proton n. m. r. to obtain the thermodynamic 
parameters for the equilibria (1 53a)±('l 53b) (RCO—NH--C 6 H4---NO 2(2); 





exo to the norcaradiene ring. From comparison of the thermodynamic 
data for these systems with earlier results, 182a, b it was concluded that 
an 	-PO(OMe) 2 subs tituent destabilizes the norcaradiene form by -lkcal 
Lem 
mol compared to an exo-CO 2Me group. This was attributed to steric 
interaction between the bulky phosphoryl group and the hydrogens on 
carbon atoms 1 and 6. It was also shown that an endo-phenyl substituent 
favours the norcaradiene form by -2 kcal mol ' more than an endoCO 2Me 
group. This was attributed to greater steric interaction in the cyclohepta-
triene form shifting the equilibrium to the norcaradiene side. 
It will be noted that all of the systems mentioned so far have had two 
substituentsat the 7-position. A number of compounds with a single 
substituent in that position have been found to exist mainly in the norcara-
diene form, 116, 178 but such compounds have generally had substituents 
in other positions providing additional stabilisation of the norcaradiene 
tautomer (see below). Giinther, 182d however, has used low temperature 
13 
proton and C r- m. r. to demonstrate that 3% of cycloheptal, 3, 5-triene- 
7-carboxylic acid exists in the norcaradiene form (87), 	the structure 
originally proposed by Buchner. 128 
The effect of 7-substituents on the position of the norcaradiene-
cycloheptatriene equilibrium may be summarised, on the basis of the above 
evidence, as follows 
The norcaradiene form is stabilised by Tr-electron acceptor (and 
donor) substituents, both exo and endo substituents being effective, 
and two substituents being more effective than one. 
Steric interactions may prevent endo substituents adopting the 
geometry required for the stabilising interaction to occur. 
Bulky endo substituents favour the norcaradiene form, because of 
steric interactions in the cycloheptatriene tautomer. 
BuIy exo substituents destabilise the norcaradiene form because 
'Jj 
of steric interactions between the substituent and the protons on 
the three-membered ring. 
(e) 	The size of the angle between the C 
7- 
 substituent bonds may also be 
of importance, large angles favouring the norcaradiene form. 
(ii) 	Effect of substituents in other positions. The effects of 
substituents at - positions other than C 7 have not been studied so rigorously,. 
and explanations for the effects of these substituents have occasionally 
conflicted. 
That such substituents have an effect was first observed for 2, 5-
diphenyl substituted compounds. Mukai '78 found that the 2, 5, 7-triphenyl 
derivative was a norcaradiene (156), wheas 1, 4, 7-triphenyl and 2, 5-di-
phenyl derivatives existed as cycloheptatrienes. Paquette 
179 
 found that 
the 7, 7-dimethy1-2, 5-diphenyl derivative was also a norcaradiene, and 
h 
(156) 
suggested that the stabilising effect resulted from the connection of two 
aromatic centr-es by extended conjugation. The substitution of methyl 
groups for the phenyl substituents gave cycloheptatriene derivatives, 179 
apparently supporting this idea. 
193b 	 193d 
Drr and Kober have shown that both trifluoromethyl 	and methyl 
substituents in the norcaradiene ring stabilised the norcaradiene form of 
(152), suggesting that any effect was steric rather than electronic in nature. 
Molecular models of trifluoromethyl derivatives 
193b 
 showed that a strong 
LOU 
steric interaction occurred in the cycloheptatriene form, shifting the 
equilibrium towards the norcaradiene. 
l84a 
Kl'Lrner 	has demonstrated that stabilisation of the norcaradiene 
form relative to the cycloheptatriene by a range of substituents at the 2- or 3-
positions occurs. He showed that the relative magnitude of stabilisation 
by the various substituents is in the order 1-Me <H < 3-Me < 2-Me 5 2-Br 
< 2--Ph. No explanation was offered for these observations, though 
Miikherjee-Mtller et al 185 suggested that hyperconjugation was responsible 
for the stabilising effect of methyl substituents in the 2- and 3-positions. 
116 
Maas and Regitz 	have shown that the introduction of two chlorine atoms 
at C 2 and C 5 favours the norcaradiene form by ca 3 kcal mol ' . This 
effect allows the detection of the norcaradiene form of compounds with a 
single substituent at C 7 (157) (R = CO 2Et, PO(OMe) 2). •Again this has been 
(157) 
attributed to steric interactions, crystal structure data for dibromO and 
dichioro norcaradienes 180  being cited as evidence in favour of this explanation, 
since less puckering' of the norcaradiene ring is observed with the larger 
substituents. Maas and RegitzU6  also confirmed D{irr and Kober's observatio. 
193b of stabilisation by trifluo romethyl substituents. 
When all the positions other than C 7 are occupied by fluorine atoms, 
cycloheptatriene derivatives are invariably obtained. 
198 
 This has been 
attributed to fluorine's "preference" for a vinyl rather than cyclopropyl 
67 
position, 199 presumably for electronic reasons. 
It can be seen that the balance of the limited evidence available 
favours the view that steric interactions are responsible for the effects on 
the no rcaradiene- cycloheptatriene equilibrium of. substituents at positions 
other than C 7 . The effect of substituents at positions 2-5 appears to be 
to destabilise the cycloheptatriene form, whilst substituents at position 
1 or 6 probably destabilise the norcaradiene form via interaction with exo 
subs tituents on C 7 . 
2. 	Synthesis of norcaradienes 
From the foregoing discussion, it is clear that any attempted 
synthesis of a norcaradiene species may give rise, instead, to a cyclo-
heptatriene or a valence tautomeric equilibrium mixture of both, depending 
on the exact nature of the desired species. In addition, the introduction of 
substituents in the 7-position is clearly central to any norcaradiene 
synthesis. 
a) 	Addition of carbenes to aromatic species. Although this route 
(Scheme 35) has- been widely used 106, 107,111-116,162, 164, 165, 181,189, 192..19 
for the formation of norcaradienes/cycloheptatrienes, it has a number of 
10 \R - 
Scheme 35 
serious disadvantages:- i) the reaction involves the destruction of an 
aromatic system, consequently only very energetic carbenes will react in 
this fashion; ii) the conditions necessary to generate a sufficiently energetic 
b5 
carbene may be such that the desired products are unstable; iii) attack 
on substituted or fused benzene rings may be indiscriminate, leading to 
mixtures which are difficult to separate; iv) alternative reactions of the 
carbene (insertion, hydrogen abstraction, rearrangement, etc.) may pre-
dominate. 
Clearly more selective routes are desirable. Few altern atives 
exist, however, and none of these is universally applicable. 
b) Carbene addition to  1,4-cyclohexadienes. This route to 
norcaradienes/cycloheptatrienes, outlined in scheme 36, is derived from 
a synthesis by Vogel, 
168 
 though important modifications, enabling its wider 
O M  B 








application, were made by Berson. 200 
Other than the possibility of the carbene reacting in an alternative 
manner, the main problem with this route is finding the most suitable 
method for carrying out the brornination/dehydrobromination steps. 200 
This may be obviated by dehydrogenating (158) directly to (159) using a 
suitable reagent, such as dichlorodicyanobenzoquinone (DDQ). 
200 
 Problems 
may also arise in this rite when substituents at positions other than C 7 are 
desired. 200 
Nucleophilic attack on tropylium salts 
201 
 leads to mono substitution 
at C 7 , and, consequently, mainly to cycloheptatriene derivatives. The 
synthesis of (156) by Mukai 198  used this method, however (scheme 37). 
Ph 	 Ph 	 Ph 
-© PhMgBr If \ + 
Ph 	 Ph 	 Ph 	/ 
Ph 
isomers) 	(+isomers) 	(+isomers) 
Scheme 37 
Syntheses via cycloheptatriene anions. The potential of this 
202 
	
route, originally used by Mukai 	for the production of cyclohepta-1, 3, 5- 
triene-7-carboxylates alkylated specifically at C 7 , was realised by 
Kl.rner, 
184 
 who generated the anion (160) by treatment of 7-cyanocyclo-
hepta-1, 3, 5-triene with butyl lithium at -80 ° . Treatment of (160) with 
methyl iodide, carbon dioxide and D 2SO4 /D20 leads to (149), X=Me, CO 2H 
and D, respectively. The nitrile function is easily converted to a carboxyl 




 and thence to carboxylic acid derivatives. 
Rearrangement of norbornadienes. Although the rearrangement 
of norbornadienes (161) to cycloheptatrienes is well documented, 204 
dimethyl-2, 5-diphenylnorcara-2,4-djene is the only stable norcaradiene 
179 




















f) Other methods. A number of other reactions have been used 
to produce norcaradienes, often unexpectedly. Recent examples of this 
include Kitahara and his co-workers 2°5 synthesis of the spironorcaradiene 
(162), via reaction of 8-oxoheptafulvene with tropone (scheme 38); and the 
rearrangement of the tricyclic species (163) in the presence of base 
X 	 6H :0 C  
Scheme 38 
discovered by Mukherjee-Miller et al. 185 (scheme 39). 
3. 	Reactions of norcaradienes 
Because of the valence tautorneric relationship between norcara-
dienes and cycloheptatrienes, norcaradienes may react in a manner 
characteristic of cycloheptatrienes and vice versa. This was the source 
of much confusion in the early studies of these species. 164 
71 
Arbrriatisation. The thermal rearrangement of norcaradienes 
to aromatic species (scheme 40) occurs for most norcaradienes and cyclo- 
includ 
1 9,115,181d,185,189,192, 193,205,206 including 
ing cyclohepta- 
2o6 	 19, 181d 




of norcaradienesfcycloheptatrienes and concluded that a radical mechanism 
operated, the ease of reaction being governed by the stabilisation of the 
intermediate diradical (164) by the substituents R and R'. 
(161,) 
It should be noted that the products of this rearrangement are 
equivalent to the products obtained via insertion of carbenes into aromatic 
C-H bonds. That this rearrangement may occur very rapidly under mild 
1 89' lQ3a
' 	 189 conditions, 	 for example in the case of the spironorcaradiene (143), 
suggests that formal insertion of carbenes into aromatic C-H bonds may 
occur via an addition, rearrangement mechanism. Dewar 207 provided 
strong evidence that such a mechanism occurred for the decomposition of 
benzo-1, 4-diazooxides in aromatic solvents (scheme 41). The effect of 
substituents (Y) on the direction of ring-opening suggested an ionic rather 
than radical mechanism for the rearrangement step. 







dicyanonorcaradiene gave 3, 7-dicyanocycloheptatriene, as well as the 
product of aromatisation, phenylmalononitrile. The cycloheptatriene was 
postulated to have arisen via  1, 5-sigmatropic shift of a nitrile group in 
the 7, 7-dicyanocycloheptatriene tautomer. Analogous 1,5-hydrogen 
migrations in cycloheptatrienes are well documented. 208 Similar hydrogen 
shifts occur for norcaradienes possessing a hydrogen at c7. 178 
209 
Durr and Kober 	have shown that either the cyclopentadiene or 
cycloheptatriene bond to the Spiro carbon in derivatives of (152) may 
migrate, depending on the reaction conditions (scheme 42). 
73 





I 	i) 	 Ji 
(16 5) 
Scheme 42 
By carrying out the photolytic reaction at low temperatures using a 
monochrom 	
210
atic source, 	it is possible to isolate the intermediates 
(165), which have been found, in fact, to exist asbisnorcaradienes (165a). 
YO 
(165u) 
The migration reaction of norcaradienes which has received the 
most attention is the degenerate "ring-walk" migration of C 7 , discovered 
by Berson and Willcott. 
211 
 These authors first studied the interconver-
sions of the n, 7, 7-trirnethylcycloheptatrienes,at 3000 Zila and concluded 
that these interconversions occurred via  series of equilibria involving 
conversion of the cycloheptatrienes to the corresponding norcaradienes, 









Further studies involving dic yanomethylnorc aradiene s21 lb 
confirmed this as the most likely mechanism. The possibility of 
carbene elimination and recombination was ruled out on the basis of 
experiments using deuterium labelled norcaradienes. in unlabelled toluene 
as solvent. 
This migration may occur by one of two possible processes, Zllc 
namely an. orbital-symmetry controlled process, 212 or a least motion 
213 	 212 process. 	According to the Woodward-Hoffmann 	prediction, the 
migration should occur with retention of configuration at C 7 , and, as a 
consequence, the exo and endo substituents would exchange positions 
at each step (scheme 44). For a least motion process, 213 however, 
Scheme44 	. 
inversion of the configuration at C 7 would occur, so that the exo and endo 
sub stituents would retain their positions at each step (scheme 45). 
75 
Since éxo/endo isomerisation may occur via the cycloheptatriene 
tautomer, it is only possible to distinguish between these two processes 
Scheme 45 
using optically active substrates, the symmetry allowed process occurring 
with retention of optical activity and the least motion process giving rise 
to racemisation. Synthesis of suitable optically active 2, 7-diméthyl-
norcaradiene-7-carboxylates was achieved by K]Jrner, 
184b 
 who used 
these materials 214 to show that the last' motion process operated, in that 
case at least. Subsequent molecular orbital calculations 
215 
 showed that 
the least motion process was favoured over the symmetry allowed process 
by 1. 4 kcal mol ' . A recent study by Baldwin and Broline 216 on the 
rearrangement of optically active 2- deuterio-3, 7-dimethyl- 7-methoxy-. 
methylcycloheptatriene has suggested that the symmetry allowed process 
occurs, and that one-centred epimerisation at C 7 without migration is 
responsible for the racemisati6n of this species, however. 
c) Other reactions. Ciganek 19 showed that 7, 7-dicyanonorcara-
diene underwent Diel s-Al der addition with dime thylac: etylene dicarboxylate 
to' give the tricyclic compound (166). Cycloheptatrienes generally undergo 







Ciganek19 also showed that norcaradienes could give rise to 
c arbene s via c ycloelimination reactions. For example, photolysis of 
7, 7-dicyanonorcaradiene in cyclohexane gave a 60% yield of cyclohexyl-
malononitrile. 
Maas and RegitzU6 have reported that prolonged photolysis of 
(153) (R = CO2 Me) gives the bicyclo[3. 2. 0]heptad lene (167). This product 
can be rationalised as arising via 1,5.-migration of the carboxylate group 
in (153b) (p. = CO2 Me), followed by a hydrogen shift to give the cyclohepta-
triene (168), which then undergoes an intramolecular [2+2] cycloaddition 




(•7 	 PO(OMe)2 
(168) 
be isolated on photolysis of the diazo compound (169) in benzene, compounds 
analogous to (167) and (168) being the only isolable products. Intramole-





Since norcaradienes produced via carbene addition to aromatic 
species are themselves unsaturated, further carbene addition to give bis-
and tris-adducts is possible, in theory. In fact, only a few bis-adducts 
112a,2!9 	 219 have been reported, 	 for example (170). 
rAg 
Fl 











, XR = RRH) 
(1 7L) 
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(Po)20P 	 h 
Ph O(OR) 2 
(170) 
d) Reactions of Spiro (acenaphthene-1,7'-norcara-2 1 ,4 1 -dien)-2-
ones. The spiro(acenaphthene-1, 7 1 -norcara-2 1 ,4 1 -dien)-2-ones (171) 
described by Cadogan and co-workers 115 undergo a number of interesting 
transformations. As well as rearranging to 2-ar ylacenaphthen- 1-ones 
(172) at elevated temperatures, they undergo rearrangement in the presence 
of catalytic amounts of acid or silver ion. 115 An ionic mechanism for this 
rearrangement would be expected under these conditions. Unfortunately 
the adducts obtained on decomposition of 2-diazoacenaphthen-1-one in 
toluene (171) (R = Me, R' =R'=H; R" =Me, RR'=H) could not be separated; 219 
consequently the influence of a methyl group on the direction of ring opening 
could not be ascertained. 
Dehydrogenation of (171) (R=RtRttH), in an attempt to obtain the 
spirobenzocyclopropene system (173), 51 resulted instead in rearrangement 
to -the furan (174). 115 Attempted dehydrogenation of the din-iethyl derivative 
(171) (RRMe, FCH), using D. D. Q. or chioranil, failed, 219 2_(21,51_ 
dime thylphenyl)acenaphthen- 1-one being the only isolabIe product. 
The above reactions are outlined in scheme 46. 
Attempted Diels-Alder reaction of (171) (R=R'=R"=H) with dimethyl-
acetylenedicarboxylate 51  was also unsuccessful. This is not particularly 
surprising as the expected product (175) would be sterically very crowded. 
78 
O2Me 
D . 	 Programme of Research 
Cadogan and his co-workers 
115 
 have shown that the photolyses 
of 2-diazoacenaphthen-1-one in benzene, -xy1ene and toluene give 
products of addition of the resulting polycyclic 1, 2-oxocarbene to the 
aromatic double bonds of the solvents. They.have also examined some 
of the reactions of these products. In the following investigation, the 
scope of the photolytic reaction and the influence of substituents on the 
benzene nucleus of the solvent on the course of the reaction have been 
examined. An object of this research was to examine and extend the 
known chemistry of the novel (1 1 a., 6 1 a, 7')-spiro(acenaphthene-1, 7'-nor-
cara-Z',4'-dien)-Z-ones produced in the above photolyses, and to compare 
their reactions with those of related species. 
Trost and Kinson45 have demonstrated that, like 2-diazoacenaphthen-
1-one, 9-diazo-4, 9-dihydro-8H-cyclopenta[def]phenanthren-8-one, on 
photolysis ) gives a polycyclic l,Z-oxocarbene which is reluctant to undergo 
Wolff rearrangement. Unlike 2- diazoac enaphthen -1-one, however, 
photolysis of this species in benzene gave the product of formal 1,3- 
dipolar cycloaddition of the intermediate oxocarbene to the aromatic double 
79 
bond of the solvent. It was intended that a re-examination of this 
reaction be carried out in an effort to identify the reasons for this 
difference. An investigation into the photodecomposition of the struc-
turally similar 2, 3-diazofluoranthenones was also considered to be 
worthwhile in relation to this investigation, in view of the failure of 2- 
diazofluoranthen-3(ZH)- one to give products arising via Wolff rearrange-
rnent. 46 
During the course of these studies, the technique referred to as 
low pressure liquid adsorption chromatography became available. This 
was found to be an invaluable tool for the separation of structurally similar 
compounds and was applied -wherever possible during the undertaking of 
the above programme of research. 
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SYMBOLS AND ABBREVIATIONS 
m.. p. melting point 
dec. decomposes 
I. R. infra-red 
e. s. r. electron spin resonance 







J spin-spin coupling constant 
M. S. tetramethylsilane 
M+ mass of molecular ion 
t. 1. C. thin layer chromatography 
w/v weight per unit volume 
w/w weight per unit weight 
P. S. i. pounds per square inch 
V. ultra-violet 
T. H. F. tetrahydrofuran 
INSTRUMENTATION AND GENERAL TECHNIQUES 
Low pressure liquid adsorption chromatography. A detailed description 
of this technique is given in the appendix to the experimental section 
(page 134). The pump used was a series II micro metering pump with a 
mechanically actuated  diaphragm head, supplied by Metering Pumps Ltd., 
Ealing. The diaphragm was constructed of nitrile rubber faced with Teflon. 
Pressure was monitored using a Budenburg gauge equipped with a Nupro 
pressure relief valve set to open at approximately 801a.s. 1. Glass high 
performance liquid chromatography columns and Teflon tubing and con-
nections were supplied by Jobling. 1000 x 15 mm columns and 250 x 15 
mm pre-columns were used, except where otherwise stated. Teflon to 
metal connections at the pump, pressure gauge and detector were made 
using Swagelok fittings. Columns were packed with Merck aluminium 
oxide ( 11 90 active, neutral for column chromatography") or silica gel ( 11 60, 
0. 040-0. 063 mesh, for column chromatography"). 
A model 1521 Lusr Monitor, Model II detector and chart recorder, 
manufactured by Laboratory Data Control, Florida, U. S. A. , was used, 
the u. v. absorbanc.e of the effluent being observed at 280 nm. The effluent 
was collected using a Central automatic fraction collector equipped with 
25 or 50 ml syphons. 
Unless otherwise stated, operating pressures were chosen to give 
a flow rate of 5 ml min - m 	. To achieve this flow rate with the above 
apparatus, the pressures required were 10-15 p.  s. i. for alumina columns, 
and 20-25 p. s. 1. for silica columns 
("Gravity) column chromatography. The alumina used was Laporte 
Industries Ltd. , activated aluminium oxide, type H (Brockman activity = 1), 
unless otherwise stated. B. D. H. silica gel for chromatography, 80-200 
mesh, was also used. 
Thin layer chromatography. Thin layer chromatograms were obtained on 
0. 3 mm layers of alumina (Merck, aluminium oxide G, type 60/E) or silica 
gel (Merck, silica gel G, type 60) containing fluorescent indicator. Compo-
nents ' in the developed chromatograms were detected by observing the plate 
under u. v. light, or by their reaction with iodine. 
Nuclear magnetic resonance spectroscopy. 60MHz proton magnetic 
resonance spectra were recorded on a Varian E. M 360 spectrometer, at 
a probe temperature of 33
0
100 MHz spectra were obtained using a 
Varian HA 100 instrument, at a probe temperature of 280,  unless otherwise 
stated. Decoupling and variable temperature experiments, when required, 
were also carried out on this machine. 220 MHz spectra were recorded 
at P. C. M. U. , Harwell on a Perkin Elmer R34 spectrometer. Chemical 
shifts are recorded as delta (5) values in parts per million from tetrarnethyl 
silane (5 = 0. 00), which was used as internal reference. Spectra were 
recorded on 10-15%w/v solutions in deuteriochioroform, unless otherwise 
stated. 
Carbon 13 n. m. r. spectra were obtained on a Varian CFT20 or 
Varian XL 100 spectrometer, using the pulse and Fourier transform 
technique,. at 20 and 25. 2 MHz respectively. Spectra were recorded at 
temperatures between 28 and 350 
	
The deuterium signal from the solvent 
(CDC-1- in all cases) was used for field frequency lock, and chemical shift 
values were recorded in parts per million from T. M. S. 
Fluorine 19 n. m. r. spectra were also obtained on the XL 100 
instrument, operating at a frequency of 94.1 MHz, using the pulse and 
Fourier transform technique. Again the deuterium signal from the solvent 
(CDC1 3 except where stated) was used for field frequency lock. Chemical 
shifts were recorded in parts per million from fluorotrichloromethane. 
For all forms of n. m. r. spectroscopy used, positive 6 values are 
to low field relative to the reference. 
Infrared spectroscopy. I. R. spectra were recorded on a Perkin Elmer 
157G Grating Infrared Spectrometer. Samples were examined as nujol 
mulls unless otherwise stated. Solution spectra were obtained using 0. 1 
mm cells. 
Mass spectrometry. Mass spectra and accurate mass measurements 
were obtained using an A. E. I. MS-902 double focussing mass spectrometer. 
Electron spin resonance spectroscopy. E. s. r. spectra were obtained using 
a Decca Radar Ltd XI spectrometer with a Newport Instrument 8 inch magnet 
system. The sample tubes used were of quartz and were of 3 mm internal 
diameter. Samples were degassed on a vacuum line by repeated freezing, 
evacuation, and thawing. 
Measurements of g values were made by comparison with a saturated 
sodium carbonate solution of Fremyts salt (potassium nitrosodisuiphonate), 
220 	 221 
for which aNi3.  091 (±0. 004) gauss 	and g = 2. 00550 (±0.  00005). 
The g  values were calculated from the relationship 
gh 	= h 
PHc 3(HFs+F) 
where h is Planck's constant, J. is a constant for the spectrometer 
= 9270. 26 x 106 , 	is the Bohr magneton, H is the value for the centre 
of the sample signal, HFS  is the centre of the signal due to Fremy's salt 
and F is the separation of these signals in gauss. 
HFS was calculated from its g value 
HFS = 	h 	= 6. 6252 x 10 
27 
 x 9270. 26 x 106 = 3302.47 
-20 
0.92732 x 10 	x 2. 00550 
F was measured from the superimposed signals and was defined as 
positive when the centre of the sample signal was at high field relative 
to the standard. 
Elemental analyses. Microanalyses were carried out on a Perkin Elmer 
240 Elemental Analyser by Mr. J. Grunbaum, University of Edinburgh. 
Melting points. The melting points of all new compounds were determined 
using Kofler or Reichert hot stage instruments and are uncorrected. 
Solvents. Benzene and xylene were distilled, and dried and stored over 
sodium wire. Toluene was washed with sulphuric acid, sodium carbonate 
solution and water, dried over magnesium sulphate, then distilled, and 
dried and stored over sodium wire. Mesitylene, p-xylene and' rn-xylene 
were dried over sodium wire and then distilled on to molecular sieve. 
Benz otrifluoride, 1, 3 -bis(trifluoromethyl)benzene, chlorobenzene, 
hexafluorobenzene, anisole and 1, 3-dimethoxybenzene were dried over 
calcium chloride and then distilled on to molecular sieve. Benzonitrile 
and 1,3-dichlorobenzene were dried over phosphorus pentoxide and distilled' 
on to molecular sieve. Pyridine was heated under reflux over potassium 
hydroxide pellets for 1 h and then distilled on to molecular sieve, the 
entire procedure being carried out under an atmosphere of dry nitrogen. 
Tetrahydrofuran was dried over sodium wire, then distilled from 
calcium hydride, and stored over molecular sieve, this process also being 
performed under dry nitrogen. 
"Petrol," in all cases, refers to petroleum ether, the fraction 
boiling at 40600  being used for chromatography, and that boiling at 6080 0 
being used for recrystallisations. Petrol, benzene, methylene chloride 
and chloroform for chromatography were purified by distillation. 
General procedure for photolyses. All photolyses were carried out using 
a water-cooled, 100W, medium pressure mercury vapour lamp (Applied 
Photophysics), through a pyrex filter. The reactions were carried out 
under an atmosphere of dry nitrogen, unless otherwise stated, the reaction 
mixture being stirred continuously. The course of the reactions was 
monitored by t. 1. c. and the visible evolution of nitrogen gas. 
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A. 	Photolytic decomposition of 2-diazoacenaphthen-1-one in aromatic 
solvents. 
1. 	Preparation of Z-diazoacenaphthen- 1-one. 
Acenaphtheneguiñone was prepared by the method of Maxwell 
ZZla  
and Allen. 	Acenaphthene (15. 2 g, 98. 7 mmol) dissolved in glacial acetic 
acid (105 ml) was heated to 95
0 
 and the heat removed. Sodium dichromate 
(65. 7 g, 220 mmol) was added, with stirring, over a period of 30 min. 
Vigorous boiling of the mixture was avoided by cooling the reaction vessel 
in a water bath as necessary. After the addition was complete, stirring 
was ceased, and the mixture heated under reflux for 15 min. Hot distilled 
water (350 ml) was added, and the mixture stirred for 10 mm. The mixture 
was filtered and washed with hot water (400 ml). The solid obtained was 
heated.with sodium carbonate solution (10%, 110 ml) on a boiling water bath 
for 1 h, and the mixture filtered whilst hot. The red solid obtained was 
added to a bisulphite solution (40%, 150 ml) and the mixture heated under 
reflux for 45 mm, with stirring. Water (250 ml) was added, and refluxing 
was continued for 10 mm. The mixture was filtered hot, and the filtrate 
heated to boiling and then acidified by the slow, cautious addition of conc. 
H2 SO4  (55 ml). Gentle heating was continued for a further 15 mm, after 
which the mixture was cooled and the product filtered off, washed and dried 
2Zla 
(5.5 g, 31%), m.p.244-247 (dec) (lit, 243-245 ), V 	1725 cm-  (C=O). max 
Alternatively technical grade acenaphthenequunone (Aldrich) was used 
without purification. 
Ac enaphtheneguin one monotosyihydrazone. 	Method i). Coarsely 
pulverised acenaphthenequinone (1.0. 1 g, 55.5 mmol) and p- toluene sulphonyl-
hydrazide (ii. 2 g,  60. 2 mmoi) were suspended in methanol (100 ml) and the 
mixture heated under reflux, under an atmosphere of nitrogen, for 1 h, 
with occasional swirling. The mixture was allowed to cool and the product 
filtered off and dried. 	(17. 1 g, 88 %), m.  p.  172-175 ° (dec) (lit! 
3 
 1790 
(dec)), )7 	1685 cm (C=0). 
max 
Method ii). To a suspension of acenaphthenecjuinone (9. 70 g, 53. 3 mniol) 
and 2- toluene sulphonylhydrazide (10. 7 g, 57. 5 rnmol), in absolute ethanol 
(250 ml), was added conc. hydrochloric acid (1 ml). The mixture was 
stirred at room temperature under nitrogen for 18 h, and the product 
filtered off as a yellow powder (18. 3 g, 98%), m. p.  169-172 ° (dec). 
c) 2-Diazoacenaphthen- 1-one. Acenaphthenequinone monotosyl-
hydrazone (14. 4 g, 41. 1 m4 was dissolved in CH2C1 2 (250 ml) and stirred 
with NaOH (04 1M, 500 ml), in the dark, for 4 h. The organic layer was 
separated, washed with water (3 x 250 ml) and dried over MgSO 4. The 
volume of the solutiol3 was reduced to approximately 40 ml, and the mixture 
chromatographed on alumina. Elution with CH 2C12 /petrol (50:50) gave the 
product as orange crystals (4. 59g, 58%), m. p. 97. 5-98. 5 ° (from benzene/ 
13 	 -1 
petrol) (lit, 4 )' 	max 2060 (C=N 2 ), and 1675 cm (C=O). 
2. 	Photolysis of 2-diazoacenaphthen-1-one in benzene. 2-Diazo- 
acenaphthen-1-one (3. 41 g, 17.6 mmol) was dissolved in benzene (180 ml) 
and the solution subjected to photolysis for 16 1 h. The solvent was removed 
on a rotary evaporator and the residue chromatographed on alumina. 
Elution with benzene gave (1 ta,  6'a, 7' 	spiro(acenaphthene- 1, T -norcara- 
46 
2',4-dien)--2-one (1.73 g, 88%), m. p. 181-183 	(from benzene ) (lit,. l85- 
187°),
ax1695 cm
-  (C =0), 6 (220 MHz) 7. 96 (2H, overlapping doublets, 
3 8Hz, 7Hz, H3 , H5 ), 7. 69-7. 59 (2H, overlapping d, 3 8. 5Hz, and d of d, 
J 8Hz, 7Hz, H6 , H4), 7. 38 (1 H, d of d, 3 8. 5Hz, 7Hz, H 7 ), 6. 91 (1H, 
d, J 7Hz, H8 ), 6.48 (2H, cdof d, j 3Hz, 7.5Hz, H31 , H41 ), 6. 22-6.12 
(2H, c, H21 , H51 ) and 3.31 (ZH, d of d, J2. 5Hz, 3.5Hz, H11 , H61 )
2 
	 13C 
6 205 (C=O), 136-120 (aromatic, olefinic), 4 2 (C 11 , C 61 ) and 23 (C 71 ). 
Further elution gave 1. 85 g of unreacted starting material. 
3.. 	Photolysis of 2-diazoacenaphthen-l-one in aromatic solvents 
bearing electron -withdrawing sub stituents. 
a) Photolysis in benz otrifluor ide. 2- Diazo3c enaphthen-. 1-one 
(894 mg, 4.61 mmol) was dissolved in benzotrifluoride (90 ml) and the 
solution subjected to photolysis for 21 h. The solvent was removed leaving 
a red oil which was adsorbed on to silica and chromatographed under low 
pressure. Elution with petrol/ether (90:10) yielded (l'ci,6'a, 71P)-3 
trifluor omethyispiro(ac enaphthene- 1, 7 '-norc ara-2 , 4 '-dien)- Z-one (219 mg, 
26%), n-i. p.  155. 5-156. 5 0 (from ethanol), (Found: C, 72.9; H, 3. 55; 




 (C =0.), 5 7. 98-7. 28 (5H, c, H37), 6. 72 (1H, d, J 7Hz, H 8 ), 
6.65 (1H, rn, H21 ), 6. 56 (1H, d of d, J 9. 5Hz, 1. 5Hz, H 41 ), 6. 34 (1H, rn, 
H 5.) and 3.22 (2H, m, H 1 ,, H61 ), 19F 5 -67 (, J = 1. 5 Hz). Further elution 
yielded (1 1 a, 6 1 a, 7')-2 1 -trif1uoromethylspiro(acenaphthene 1, 7 1 -norcara-
2 1 ,4 1 -dien)..2_one (298 mg, 35%),  m.p. 97-101 0 , 	1705cm ' (C0), max 
6 8. 03-7. 27 (5H, c, H37), 6.89 (1H, rn, H31 ), 6. 77 (1H, d, J 7Hz, H8 ), 
6, 62-6. 20 (ZH, c, H4 ., H51 ) and 3. 28 (2H, rn, H 11 , H61 ), 19 F 6 -68 
14 3Hz), (Found: M+,  312 0746. C 19 H11 F3 0 requires M+,  312.. 0762). 
All attempts to recrystallise this compound resulted in production of the 
3'-isomer. Elution with more polar solvent (petrol/ether., 80:20) gave 365 mg 
97 
of unreacted diazo compound. 
Photolysis in 1, 3 -bis(trifluoromethyl)benzene. 2- Diazo-
acenaphthen-1 - one (774 mg, 3. 99 rnmol) was dissolved, in 1, 3-bis(trifluoro-
methyl )benzene (75 ml) and the solution photolysed for 26 h. The solvent 
was distilled off under reduced pressure, maintaining the temperature 
below 400  at all times. The residual red oil obtained was adsorbed on to 
silica and chromatographed under low pressure. Elution with petrol/ether 
(95:5) yielded, as orange crystals, (Pa,6ta,7T3)_21,41_bis(trifluoromethyl) 
spiro(acenaphthene-1, 7t_norcara_2 1 ,4 1 _dien)_2_one, (410 mg, 45%), in. p. 
113-114° (from 60-80 petrol), (Found: C, 63.15; H, 2. 70; M+,  380. 
C 20H10F 60 requires C, 63. 2; H, 2. 65%; M+, 	 cm 380), )..P 	1705 	
-1 
max 
(C=0), 6 8.11-7.32 (5H, c, H 37), 7. 02 (br, 1H, s, H 31 ), 6.84 (br, lH,rn, 
6. 67 (IH, d, J 7Hz, H 8 ) and 3. 26 (ZH, rn, H 11 , H61 ), 13 C 6 202 (C =0), 
133 - 116 (aromatic, olefinic and trifluoromethyl), 37(G 6 , 34 (C 11 ) and 
21 (C 8 ), '9F 6 -67 (br, rn, 4'-cF 3 ) and -68 (br, in, 2'-CF 3 ). Increasing 
the polarity of the eluant (petrol/ether, 80:20) gave 311 mg of unreacted 
starting material. 
Photolysis in chlorobenzene. 2-Diazoacenaphthen-1-one (1. 08 
g, 5. 57 mmol) was dissolved in chlorobenzene (80 ml) and subjected to 
photolysis for 7 h, after which time the solution had become very dark in 
colour. The solvent was removed, giving a black, tarry material which 
was adsorbed on to silica and chromatographed under low pressure. Elution 
with petrol/CH 2 C1 2 (75:25) gave a yellow oil (75 mg, 9%)  which crystallised 
on standing. This was found to be identical in all respects with an authentic 
sample of 2-chlor o-2-phenylac enaphthen- 1-one. Further elution yielded 
70 
(I la, 6'a, 7'p)...2 '-chlorospiro(acenaphthene-1, 7'-norcara-2 1 , 4'-dien)-2-one 
as yellow crystals (3 54 mg, 44. 5%),  m. p.  123-124° (from ethyl acetate), 
(Found: C, 77.4; H, 3.9; M, 280, 278. C 18H11 C10 requires C, 77.55; 
H, 4. 0%; M+, 280, 278), 1P 	1710 cm (C=O), 6.8..01-7.30    (5H, c, max 
H37), 6. 89 (1H, d, J 7Hz, H8 ), 6. 50 (1H, c, H4 ,), 6. 34 (1H, d, H31 ), 
6.08 (1H, c, H51 ) and 3.28 (2H, rn, H 1 ,, H61 ). Eluted next was a yellow 
gum, which crystallised on trituration with ether, (Pa, 6 1 a., 7'f3)-3 1 -chloro-. 
spiro(acenaphthene-1,7'-norcara-2',4'-djen)_2_one (198 mg, 25%),  m.p. 
121-122 °  (from ethyl acetate), (Found: C, 77. 75; H, 3.95; M+,  280, 278. 
C H ClO requires C, 77. 55; H, 4. 0 %; Mt 280, 278), ir' 	1695 cm- 18 11 	 max 
(C=O), 6 8.05-7.36 (5H, c, H37), 6. 85 (1H, d, 3 8Hz, H8 ), 6.42 (JH, d, 
J 9. 5Hz, I-i4 ,) 6. 20 (2H, c, H21 , H51 ) and 3.25 (2H, rn, H 11 , H61 ). 
Increasing the solvent polarity (petrol/CH 2C12 , 50:50) gave 524 mg of 
unreacted starting material. 
d) Photolysis in 1, 3- dic hior obenzene. 2- Diazoac enaphthen- 1-one 
(1. 07 g, 5.52 mmol) was dissolved in 1, 3 -dichlorobenzene (80 ml) and 
subjected to photolysis for 17 h, after which time the solution had become 
dark brown in colour. The solvent was removed, on a high vacuum rotary 
evaporator, giving a dark red gum. This was adsorbed on to silica and 
chromatographed under low pressure. Elution with petrol/CH 2C12 (2:1) 
gave an orange oil, which crystallised on standing. This was identified 
as 2-chloro-2-(3'-ch].orophenyl)acenaphthen_l-one (140 mg, lO%),m.p. 
103-104° (from ethanol), (Found: C, 69. 15; H, 3.3; M+,  316, 314, 312. 
C 18H10C1 20 requires C, 69.05; H,'3.2%; M+,  316, 314, 312), 	-l7ZScn max 
(C =0), 	6 8. 24-7. 61 (6H, C, H38) and 7.48-7.20 (4H, c, H2 , and H4161 ). 
Further elution gave (1 1 a, 6 1 a, 7')-2 1 ,4 1 -dichlorospiro(acenaphthene-1, 7 1 -nor-
cara-2 1 ,4 1 -dien)-2-one (456 mg, 31%), m. p. 104.5-105.5 ° (from ethyl 
I, 
acetate), (Found: C, 68.75; H, 3.05; M+,  316, 314, 312. C 18H10C1 2 0 
requires C, 69. 05; H, 3.2%; M+, 316 314 312), 2Y 	1710 cm ' 
max 
(C 0), 6 8. 04-7.37 (5H, c, H37), 6. 83 (1H, d, J 7Hz, H8 ), 6. 50 (br, 
1H, s, H31 ), 6. 02 (1H, rn, H57 ) and 3. 22 (2H, rn, H 17 , H61 ). Increasing 
the polarity of the elutingsolvent (petrol/CH 2C1 2 , 50:50) gave 165 mg of 
rec.overed starting material. 
e) 	Photolysis in benzonitrile. Z-Diazoacenaphthen-1-one (2.19 g, 
11.3 mmol) was dissolved in benzonitrile (180 ml) and photolysed for zf days. 
The solvent was removed under high vacuum, giving a red oil which was 
adsorbed on to silica and chromatographed under low pressure. Elution 
with CH2 C12 /petrol (50:50) yielded an orange solid, 8-phenylacenaphth- 
[1, 2-djoxazole (375 mg, 22%), m. p. 219-220 0 (from toluene) (lit, 
160 
 217- 
-(Caic. for C 19H11NO: C, 84. 75; H, 4. 1; N, 5. Z; M+, 269. 
Found: C, 84.6; H, 4.2; N, 4. 9%; M+,  269), )j 	1605, 823, 769 and 
max 
695 cm i , 6 8.22-7. 38 (c)., Increasing the solvent polarity (petrol/CH 2C12 , 
20:80) gave a yellow solid, (1 1 a, 6 1 a, 7'p)-3 '-cyanospiro(acenaphthene-1, 7'.- 




(CN), andi700crn 1 (C =0), 6 8. 06-7.34 (5H, c H37 ), 6.85 (lH, rn, 
H27 ). 6. 78 (1H, d, J 7Hz, H8 ), 6. 53 (1H, d, J 9. 5Hz, H47 ), 6. 30 (1H, rn, 
H57 ) and 3.25 (2H, ni, H17 , H61 ), (Found: M+, 269. 0836. C 19H11 N0 
requires M+  269.0841). Further elution gave (1 1 a,6 1 a,7 1 )-2 1 -cyanospiro-
(acenaphthene-1, 7 1 -norcara-2 1 ,4'-dien)-2-one (225 mg, 13%),  m. p. 151-154° 
(dec. )' 	max 	
(CN), and 1710 cm ' (C=0), 6 8.07-7.30 (5H, c, H37 ), 
7. 08 (Ill, m, H 7 ), •6. 77 (1H, d, J 7Hz, H ), 6.68-6. 39 (2H, c, H ,, H - 	-) 	 a. 	 - 	4 	5 
and 3. 2.5 (ZFI, m, H 17 , H67 ), (Found: M', 269. 0834. C 19H 11 N0 requires 
M, 269. 0841). (All attempts to purify these two norcaradienes further 
failed, apparently because of the slow, partial decomposition of the material). 
Elution with CH 2 C12 gave unreacted starting material (951 mg). 
[00 
1) Photolysis in hexafluor obenz ene. 2- Diazoacenaphthen- 1- one 
(666 mg, 3. 43 mmol) was dissolved in hexafluorobenzene and subjected to 
photolysis for 19 h. The solvent was distilled off under reduced pressure, 
giving a dark red gum, which was adsorbed on to silica and chromatographed 




 (70:30) gave ayellow solid, 
1' J,  2' 31 4! 51 6' -hexafluorospiro(acenaphthene-1, 71cyclohepta1' 2! _, , .- 
trien)-2-one (463 mg, 72%), m. p. 118-119 ° (from ethanol), (Found: C, 61.3; 
H, 1. 75; M+, 352. C 18 H6F60 requires C, 61. 4; H, 1. 7%; M+, 352), 
max 1745 (C=O) and 1695 cm (CF=CFI 5 8.22-7. 94 (3H, c, aromatic) 
and 7. 83-7.54 (3H, c, aromatic), 5 (C 6 D6) 7.56-7.30 (3H, c, aromatic) and 
7. 19-6. 91 (3H, c, aromatic), 
19 
 F 5 (C 6 D6 ) -116 (mn, F 11 , F61 ) and -151 
(,F2151 ), 13C 5 193 (C0), 144 (br, C 11 , C 61 ), 138 (br, C 2151 ), 138-
120 (aromatic) and 56. 5 (C 71 ). Elution with more polar solvent (petrol! 
CH2C1 2 , 50:50) gave 313 mg of unreacted diazo compound. 
8 
4. 	Photolysis of 2-diazoacenaphthen-].-one in aromatic solvents 
bearing electron-releasing substituents 
a) Photolysis in toluene. 2- Diazoacenaphthen-1 -one (1. 70 g, 8. 76 
mmol) was dissolved in toluene (180 ml) and subjected to photolysis for. 25 h. 
The solvent was removed at room temperature, giving a viscous red oil, 
which was chromatographed on alumina which had been deactivated with 6% 
w/w of distilled water. Elution with petrol/CH 2C12 (60:40) gave a mixture 
of 2 1 - and 3 '-methylspiro(acenaphthene -1,7 1-norcara-2', 4'-dien)-2-ones 
(1. 65 g, 9 0 %). Further elution gave unreacted diazo compound (321 mg). 
The mixture of norcaradienes was dissolved in petrol/CH 2C12 (60:40) 
which was 40% saturated with water, adsorbed on to deactivated alumina 
and chromatographed under low pressure. Elution with petrol/CH 2C12 
(60:40, 40% water saturated) gave 3 fractions which contained mainly the 21- 
'UI 
substituted product, a mixture of the two products, and mainly the 31 
substituted product respectively. Each of these fractions was re-chromato-
graphed to give, as orange oils, the two products: (l'a, 6'a, 7')-2'-methyl-
spiro(acenaphthene- 1, 7'-norcara-2', 41  -dien)-2-.one (1. 15 g, 63 %), crystallised 
on trituration with ether, m. p. 108-111 
0, 
	2" 	1695 cm" ' (C 0), 5 8.01- 
max 
7.21 (5H, c, H37), 6.88 (1H, d, J7Hz, H8 ), 6.41 (1H, d of d, 3 8Hz, 6Hz, 
H4 1 ), 6.23 (br, 	11-1, 	d, 	3 6Hz, H31 ), 6. 00 (1H, d of d, 3 8Hz, 5Hz, H 5 ,), 
3.25 (1H, d of d, J 8Hz, 
I 
5Hz, H61 ), 3. 11 (1H, d, J 8Hz, H 1 ,) and 1.88 (br, 
3H, s, methyl), (Found: M+, 258.1042. 	C 19H140 requires M 	258. 1045); 
and (l'a., 6'a,7'3)-3'-  methyl spiro(acenaphthene-1,7'_norcara_2',4'-dien)-
2-one (476 mg, 26%), crystallised on trituration with ether, m. p.  98-101 ° , 
D--max 1695 cm 
	(C=O 5 8. 00-7. 29 (5H, c, H37), 6. 69 (1H, d, 3' 7Hz, 
H8 ), 6. 33 (br, IH, d, J 10Hz, H41 ), 6. 13 (1H, cd, J 10Hz, H 51 ), 5.89 (1H, 
rn, H21 ), 3. 24 (2H, t, J 3Hz, H 11 , H61 ) and 2. 04 (3H, d, 3 1. 5Hz, methyl), 
(Found: M+,  258. 1036. C 19H140 requires 258: 1045). (All attempts at 
further purification of these compounds resulted in their rearrangement 
to the corresponding 2-arylacenaphthen-1- one s). 
b) Photolysis in p-xylene. 2-Diazoacenaphthen-l-one (2. 52 g, 13. 0 
mmol) was dissolved in-xylene (200 ml) and subjected to photolysis for 2-
days. Removal of the solvent on a high vacuum rotary evaporator yielded a 
red oil, which was chromatographed on deactivated alumina. Elution with 
benzene gave a pale yellow solid, (l  la,  6I a ,7)3)ZI,5I_dime thy1 spiro ( ace _ 
naphthene-1,7'-norcara-2',4'-dien)--2-one (1.79 g, 68%), m. p. 181-183 ° 
(from butan-2-one), (Found: C, 87.95; H, 6.05 M+,  272. C 20 H16 0 
requires C, 88. 2; H, 5. 95%; M' +' 272), )/ 	1698 cm" (C0), 6 7. 99- max 
7. 26 (3M, 	H37 ), 6.84 (11-7-1. ci, J 7Hz, H8 ), 6. 13 (2H, s, H31 , H41), 
1 02 
09 (2H, s, H 11 , H61 ) and 1.82 (6H, s, methyls). Further elution 
gave unreacted starting material (0. 63 g). 
c) 	Photolysis in m-xylene. 2-Diazoacenaphthen-l-one (853 mg, 
40 mmol) was dissolved in rn-xylene (90 ml) and subjected to photolysis 
for 24 h. The solvent was removed on a high vacuum rotary evaporator., 
giving a viscous red oil which was adsorbed on to silica and chromatographed 
under low pressure. Elution with petrol/ether (90:10) gave a yellow oil, 
which crystallised on trituration with ether, 2_(21,  4 1 -dimethylphenyl)-
acenaphthen-l-one (568 mg, 59%),  m.p. 122-123 0 (from ethanol), (Found: 
C, 87. 95;' H, 6. 0; M+,  272. C 20H 160 requires C, 88.2; H, 5.95%; 
M+, 272), ly 	1705 cm (C=0), 6 8.111  -7.22 (6H, c, H 	), 7.04 
max 	 . 	 - 3-8 
(b r, 1H, s, H31 ), 6. 84 (br, 1H, d, J 8Hz, H 51 ), 6. 64 (br, 1H, d, 3 8Hz, 
H61 ), 5. 09 ('IH; s, 1-1), 2. 32 (hr. 3H, s, 2 1 -methyl), and 2. 24 (3H, s, 4'-
methyl). Further elution gave a second yellow oil which crystallised on 
trituration with ether,'2 -(2, 6' -dimethylphenyl)acenaphthen- 1-one (175 mg, 
1 8%), m. p. - 139-1400 (from ethanol), (Found: C, 88.0; 'H, 5.95; 
272. C B 0 requires C, 88. 2; H, 5.95%; M+,  272), V' 	1715 cm 1 
20 1.6 	 . 	max 
(C=0), 6 8. 14-7.43 (6H, c, H38 ), 7. 21-6. 84 (3H, c, H 3151 ), 5.38 (br, 1H, 
H2 ), 2. 59 (3H, s, methyl away from acenaphthenone ring system), and 
1. 47 (3H, s, methyl over acenaphthenone ring system). Further elution 
gave orange crystals which were found to be identical in all respects with 
an authentic sample of acenaphthen-l-one (kindly provided by Dr. D. Kidd 
and Professor N. Campbell, University of Edinburgh) (38 mg, 6%), m. p. 
119-120
0 
 (from aqueous ethanol) (lit. 22 121-121. 5
0
2,r 	cm ' 
max 
(C =0), 6 8.06-7.36 (6H, c, aromatic) and 3.77 (2H, s, CH 2 ), M, 168. 
Increasing the polarity of the eluting solvent (petrol/ether, 75:25) gave 
unreacted starting material (167 mg). 
J- V _-  
Photolysis in me sitylene. 2 -Diaz oac enaphthen- 1-one 
(2. 38 g, 12.3 mmol) was dissolved in mesitylene (180 ml) and photolysed 
for 23 h. The solvent was removed under reduced pressure, and the 
residual dark-coloured oil chromatographed on alumina. Elution with 
benzene gave a red oil which crystallised on trituration with ether, 2_(2', 
4!, 6'-trirnethylphenyl)acenaphthen- 1-one (1. 35 g, 53 %), m. p.  149-151 
0 
223 	 o 	 -1 
(from toluene) (lit., 151. 5_153, ), 2t 	1720 cm , 8 8. 15-7. 17 (6H, c, 
max 	 - 
H38), 6.99 (br, 1H, s, mesityl proton away from acenaphthenone ring), 
6. 73 (br, lH, s, mesityl proton over acenaphthenone ring), 5. 34 (br, 1H, 
H2 ), 2. 54 (3H, s, methyl away from acenaphthenone ring), 2. 25 (3H, 
4 1 -methyl) and 1. 41 (3H, s, methyl over acenaphthenone ring), 13 C 6 187 
(C=O), 136-119 (aromatic), 55 (C 2 ), 21. 5, 21, and 20 (methyls). Further 
elution gave recovered starting material (0. 66 g). 
Photolysis in anisole. 2-Diazoacenaphthen-1-one (964 mg, 4.97 
mmol) was dissolved in anisole (90 ml) and the solution subjected to photo-
lysis for 24 h. The solvent was removed on a high vacuum rotary evaporator, 
leaving a red oil which was chromatographed on silica under low pressure. 
Elution with petrol/ether (90:10) gave a white solid, 2_(2'_rnethoxyphenyl)_ 
acenaphthen-1-one (416 mg, 31%),  m. p.  152-153 ° (from ethanol), (Found: 
0,83. 4; H, 3. 15; M+,  274. C 19H140 2 requires C, 83. 2; H, 5. 1 5%; 
M , 274), )JJ 	1725 (C0), 1263 (0-0-C) and 760 cm -  (1,2-disubstituted 
max 
benzene nucleus), 6 8. 06-6. 75 (10H, c, aromatic), 5. 09 (br, li-i, s, H 2 ) 
and 3. 47 (3H, s OCH3 ). Further elution gave a red oil which crystallised 
on trituration with methylene chloride, 2-(4 -methoxyphenyl)acenaphthen- 1 
one (421 mg, 31%), m. p. 114.5-115 °C (from ethanol), (Found: C, 83.05; 
4- 	 + 




0 2 requires C, 83.2; H, 5.15%; M, 274), 
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1710 cm- 1 (C0), 6 8. 13-7. 29 (6H, 	H38 ), 7. 05 (2H, d, max 
J 9Hz, H21 , H61 ), 6. 79 (2H, d, J 9Hz, H31 , H51 ), 4.83 (br, 1H, s, H2 ) 
and 3. 73 (3H, s, OCH3 ). 
f) 	Photolysis in 1, 3-dimethoxybenzene. Z -Diaz oacenaphthen- 
1-one (758 mg, 3.91 mmol) was dissolved in 1,3-dimethoxybenzene (80 
ml) and subjected to photolysis for 15 h. The solvent was removed on 
a high vacuum rotary evaporator and the residual red oil was adsorbed 
on to silica. Chromatography under low pressure and elution with 
petrol/ether (85:15) gave a yellow solid, acenaphthen-1-one (27 mg, 
6.5%). Increasing the solvent polarity (petrol/ether, 80:20) gave un- 
reacted starting material (280 mg). Further elution gave a yellow solid, 
2-(2 1 , 6 1 -dimethoxyphenyl)acenaphthen-l-one (143 mg, 19%),  m. p.  159-
160. 5 ° (from ethanol), (Found: C, 78. 65; H, 5. 35; Mt 304. 
C. H 0 requires C, 78. 95; H, 5.3%; M+, 304), 	i' 	1720 cm 20 16 3 max 
(C0), 6 8. 05-7-07 (7H, c, H 38 and H41 ), 6.44 (1 H, d, J 8Hz, H away 
from acenaphthenone ring), 6. 35 (1H, d, J 8Hz,, H over acenaphthenone 
ring), 5. 44 (br, 1H, s, H 2 ), 3. 90 (3H, s, OCH3 away from acenaphthenone 
ring) and 3.12 (3H, s, OCH3 over acenaphthenone ring). Further elution 
gave yellow crystals, 2_(2 1 , 4' -dimethox)phenyl)ac enaphthen- 1- one (141 
mg, 18%),  m. p. 134.5-135.5 (from ethanol), (Found: C, 78.7; H, 5.3; 
304. C 20 H1603 requires C, 78. - 95; H, 5.3%; M+, 304), 	
max 
1710 cm 1 (C=0), 6 8. 10-7. 19 (6H, c, H3 . 8 ), 6.95 (1 H, cd, J 6.5Hz, 
H21 ) 6. 44 and 6.39 (2H, overlapping br, s and d of d, J 6. 5 and 2Hz, 
H 5 . and H 31 ), 5. 06 (b r, 1H, s, H2 ), 3. 74 (3H, s, 4'-OCH 3 ) and 3.51 (3H, 
., 2'-OCH3). 
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5. 	Photolysis of 2-diazoacenaphthen-1-one in pyridine 
Photolysis in pyridine. Z-Diazoacenaphthen- l -one (2. 07 
g, 10. 7 rnmol) was dissolved in pyridine (175 ml) and the solution subjected 
to photolysis for 18 h, during which time a yellow precipitate formed in 
the reaction vessel. The precipitate was filtered off and was found to be 
acenaphthenequiuone azine (0. 73 g, 71 %), rn. p.  292-294 (dec. ) (lit, 
295 ° (dec. )), 17' 	1718 cm (C=O), M+  360. Removal of the solvent max 
gave a red, semi-crystalline material, which was dissolved in methylene 
chloride (40 ml) and filtered, giving a further 0. 06 g ( 6 %) of azine. The 
filtrate was chromatographed on alumina. Elution with benzene gave 
recovered starting material (0. 96 g). 
Photolysis in benzene/pyridine. 2-Diazoacenaphthen-l-
one (0. 67 g, 3. 43 mmol) was dissolved in a mixture of benzene and pyridine 
(15 ml: 65 ml) and subjected to photolysis for 20 h, during which time a 
yellow precipitate formed in the reaction vessel. The precipitate was 
filtered off and was found to be identical in all respects with the acenaph-
thenequinone azine obtained above (0. 22 g, 42%). The solvent was 
removed from the filtrate and the residue chromatographed on alumina. 
Elution with benzene gave (l'a, 6'a, 7 1 3)_spiro (acenaphthene-1, 7L norcara _ 
2', 4'-dien)-2-one (0. 07 g, 10%), identical with that obtained from photo-
lysis in benzene alone. Further elution gave unreacted starting material 
(0. lI g). 
0 
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B. 	Rearrangement reactions of (1'a,6'ct,7')-spiro (ac enaphthene-1,7'- 
norc ara-Z' 4' -dien)-2--one s 
1. 	Thermal reactions 
Thermal rearrangement of (l'a,6'a, 7')-spiro(acenaphthene-
1, 7'-.xiorcara_2',4'_dien)_2-one. The norcaradiene (79 mg, 0. 32 mrrtol) 
was dissolved in xylene (10 ml) and heated under reflux, under an 
atmosphere of dry N 2 , for 18 h. The solvent was removed and the 
residue chromatographed on silièa under low pressure. Elution with 
petrol/CH 2C12 (60:40) gave a yellow solid, 2-phenylacenaphthen-1-one 
(70 mg, 89%), m. p. 110-112 ° (from ethanol) (lit,224l15-116°), 2T'max 
1720 cm- 
1 
 (C0), 6 (60 MHz) 8. 16-7. 15 (11H, c, aromatic), and 4.86 
(I H, s, H2 ). 
Thermal rearrangernentof(l'a.,6'a.,7'3)_2',5'_ dime thyl_ 
spiro(acenaphthene-1, 7 1 -norcara-Z 1 , 4'-dien)-2-one. The above procedure 
was repeated for the dimethyl norcaradiene derivative (89 mg, 0. 33 mmol). 
After heating under reflux for 18 h, and removal of the solvent, chromato-
graphy on silica under low pressure using petrol/CH 2 C1 2 (60:40) as 
eluant gave as pale yellow crystals 2_(2 1 , 5 1 -dimethylphenyl)acenaphthen-
1-one (83 mg, 93%), m. p. 109-111
0 
 (from ethanol) (1it 9 110-112
0
), 
1715 cm 1 (0=0), 6 8. 11-7. 22 (6H, c, H 	), 7. 09 (1H, d, J 
max 	 3-8 	 - - 
8Hz, H3 ,) 6. 93 (br, 1H, d, J 8Hz, H 4 ,), 6.58 (br, 1H, s, H61 ), 5. 08 
(br, 1H. s, FL), 2, 30 (br, 3H, s, 2'-methyl), and 2. 11 (3H, s, 5'-methyl). 
Thermal rearrangement of (l'a,6'cL,7'13)-2'- and (1'a,6'a,7')- 
3 1 _metliyispjro(acenaphthene_i, 7 1 -norcara_2',4'-dien)_2-ones. A mixture 
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of the two norcaradienes obtained from photolysis of 2-diazoacenaphthen-
1-one in toluene (235 mg, 0. 91 mmol, ratio of 2'-isomer to 3 1 -isomer 
62:38 by n. m. r. ) was dissolved in toluene and heated under reflux under 
an atmosphere of dry N 2 for 22 h. The solvent was removed and the 
residue adsorbed onto silica and chromatographed under low pressure. 
Elution with petrol/ether (90:10) gave an oil which crystallised on 
trituration with ether, 2 -(2 '...rnethylphenyl)ac enaphthen- 1-one (83 mg, 35 0/0'), 
p. 122-123 ° (from ethanol), (Found: C, 88. 15; H, 5. 55; M+,  258. 
C H 0 requires C, 88.35; H, 5.45%; M+,  258), 2T' 	1715 crn 19 14 	 max 
(C=O), 6 8.12-7.23 (6H, c, H 38 ), 7.19-6. 91 (3H, c, H3151 ), 6.74 (br, 
1H, d, J 7Hz, H61 ), 5. 15 (1H, s, H 2 ) and 2. 37 (br, 3H, s, methyl). 
Further elution gave an orange oil which could not be induced to crystallise, 
2-(4'-methylphenyl)acenaphthen-l-one (128 mg, 54%), y 	(neat) 1720 
max 
cm ' (C =0), 6 8.12-7.30 (6H, c, H 38 ), 7.. 04 (4H, s, tolyl ring protons),. 
4. 83 (1H, s, H2 ), and 2. 28 (3H, s, methyl), (Found: M+,  258. 1061. 
C 19H140 requires 258. 1045). Total yield of rearranged products 89%. 
d) 	Thermal rearrangement of (1'a,6'a, 7 1 p)_2 1 ,4 1 _bis(tri- 
£luoromethyl)spiro(acenaphthene- 1, 7'-norcara-2 1 , 4'-dien)- Z-one. The 
norcaradiene (125 mg, 0. 33 mmol) was dissolved in xylene (10 ml) and 
heated under reflux, under an atmosphere of dry N 2 , for 21 h. Removal 
of the solvent gave a yellow solid which was chromatographed on silica 
under low pressure. Elution with petrol/ether (95:5) gave white crystals 
of 2_(31,  5'.bis(trifluoromethyl)phenyl)acenaphthenl..one (.111 mg, 89%), 
rn.p. 131-132 0(from ethanol), (Found: C, 63.45; H, 2.6; M+, 380. 
C 20H 10F 60 requires C, 63.2; H, 2.65%; M, 380), 	1720 cm, 
max 
5 S. 18-7.35 (9H, C, aromatic), and 4. 99 (1H, s, H2), 
19
F 5 -62. 
!Ii1.i 
Thermal rearrangement of (1 1 a, 6 1 a, 7') 1 -trifluoromethyl 7
spiro(acenaphthene-1, 7tnorcara_2,4I_dien)_2_one.  The above procedure 
was repeated for the 2t_trifluoromethyl  derivative (135 mg, 0. 433 mmol). 
After heating under reflux for 18 h, the solvent was removed and the 
residue adsorbed onto silica and chromatographed under low pressure.. 
Elution with petrol/CH 2C12 (50:50) gave, as pale yellow crystals, 2_(3'-
tri±luorornethylphenyl)acenaphthen-l-one (95 mg, 70%),  m. p. 115-116 ° 
(from ethanol), (Found: C, 73. 35; H, 3,45; M+,  312. C 19H11 F30 
requires C, 73. 05; H, 3. 55%; M+ 	2 312), 	' 	1720 cm 	(C =0), 8 8.17- 
max 
7. 19 (1OH, c, aromatic) and 4. 95 (1H, s, H 2 ), '9F 6 (toluene/d8 toluene) 
- 62. 
Thermal rearrangement of (Pa, 6'a, 7'p)_3Ltrifluoromethyl_ 
spiro(acenaphthene-1, 7 1 -norcara-2, 4'-dien)-2-one. In an identical 
experiment to that described above, the 3 1 -trifluoromethyl derivative (72 
mg, 0. 23 mmol) was also found to rearrange to 2-(3'-trifluoromethyl-
phenyl)acenaphthen-1-one (yield 67 mg, 9 3 %). 
Thermal interconversion of (1'a,6 1 a,7 1 p)'- and (1'a,6'a, 
7 1 P)- 3 , 1 -trifluoromethylspiro(acenaphthene-1, 7 1 -norcara-Z', 4 1 -dien)-2-ones. 
Samples of (Pa, 6 1 a, 7 1 )-2 1 -trif1uoromethy1spiro(acenaphthene-1, 71_ norcara _ 
2', 4'-dien)-Z-one were dissolved in d 5 - dime thylsulphoxide and toluene/d 8 -
toluene, heated to 1000,  and the- 19 F n. m. r. spectra recorded at intervals 
of approximately 15 mm. The intensity of the resonance due. to the 2'-
isomer (6 (C 2 D 6 SO) -67; 6 (toluene) -69) was observed to decrease, whilst 
the resonance due to the 3'-isomer (6 (C 2 D6SO) -65. 5; 6 (toluene) -67. 5) 
increased in intensity, until equilibrium was reached, after approximately 
18 h. 
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Similarly, a sample of the 3 '-trifluoromethyl derivative was 
dissolved in toluene and heated to 1000. After 5 h, the 
19 
 F n. rn. r. 
19 
spectrum was observed. After a further 10 h, the F spectrum was 
recorded again and showed no significant change in the relative intensities 
of the resonances due to the Zt_ and 3'-isomers, indicating that equilibrium 
had again been reached. 
2. 	Silver (I)-c atalys ed rearrangements of (l'a., 6 1 a,7')-spiro(ace- 
naphthene-1, 	 4 1 -dien)-2-ones 
Rearrangement of (l'a,6'a,7'3)-spiro(acenaphthene1,7 1 -
norcara-2 1 , 4 1 -dien)-2-one. The norcaradiene (0. 48 g, 2. 0 rnmol) was 
dissolved in benzene (25 ml) and a small amount of silver perchlorate 
added. The mixture was stirred for 1 h, filtered and the solvent removed. 
The residue was chromatographed on alumina. Elution with CH 2C1 2 gave 
2-phenylacenaphthen-l-one (0.40 g, 83 %), identical with that obtained 
previously. 
Rearrangement of (lta,6 1 a,7 1 p)_2t_methylspiro(acenaphthene_ 
1, 7'_norcara_2'4'dien)Zone. A sample of the norcaradiene was dis-
solved in CDC1 3 and the proton n. m. r. spectrum recorded (60 MHz). A 
single small crystal of silver perchlorate was added to the n. m. r. tube 
and the tube shaken. The n. m. r. spectrum was recorded again 
immediately. The signals at 8 1. 9  and 3. 2 had decreased greatly in 
size and a new signal had appeared at 6 2.35. On further standing, this 
signal too disappeared, to be replaced by signals at 6 2. 4 and 5. 3, the 
whole spectrum being identical with that due to 2-(2'-methylphenyl)ace-
naphthen- 1- one. 
L 
C) Rearrangement of (1 'a, 6 1 a, 7 1 )-3 1 -methylspiro(ace- 
naphthene-1, 7'-norcara-2',4'-dien)-2-one. The procedure described 
above was repeated for a sample of the 3'-methylnorcaradiene derivative. 
3 Min after the addition of silver perchiorate, the signals at 6 2. 0 and 
3. 25 had virtually disappeared, and a new signal at 6 2. 45 had appeared. 
On further standing, this signal disappeared to be replaced by signals at 
6 2. 3 and 4. 9,  the entire spectrum corresponding to that due to an authentic 
sample of 2- (4'_ methyiphen yl )ac enaphthen- 1- one. 
Rearrangement of (1'a,6 1 a, 7 1 p)-2 1 ,5 1 -dimethylspiro(ace-
napht .Fone -1, 7' -norc ara- 2', 4' -dien)- 2-one. A sample of the dimethyl-
norcaradiene derivative was dissolved in CHC1 3 and a small portion taken 
up into a Pasteur pipette and flushed twice over a crystal of silver per-
chlorate. This sample was then quickly transferred to an infrared cell. 
The portion of the spectrum between 3600 and 1650 cm ' was recorded 
several times over a period of approximately 15 min. During this period, 
the peak at 1670 cm ' decreased in intensity, a peak of medium intensity 
at 3540 cm ' appeared and then decreased in intensity, and a strong peak 
appeared at 1720 cm 1 , the final spectrum being identical to that due to an. 
authentic sample of 2-(2',5 1 -dimethylphenyl)acenaphthen- 1 -one. The 
above procedure was repeated, recording the intensities of the peaks at 
3540 cm- 
I 
 and 1720 cm ' against time. 	 . 
Rearrangement of (1 'a, ô'a, 7113)-2',  4'-dichlorospiro(ace-
naphthene-1, 7'-norcara-2 1 ,4 1 -dien)-2-one. The dichioronorcaradiene 
derivative (50 mg, 0. 16 mmol) was dissolved in CD Cl 3 (0. 5 ml) in an 
n. m. r. tube and a crystal of silver perchiorate added. The n. m. r. speçtrur 
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was recorded at intervals over a period of 24 h, after which time the 
clean rearrangement was complete. The solution was filtered, and the 
solvent removed giving pale yellow crystals of2_(Z',4'-dichlorophenyl)- 
acenaphthen-l-one, m.p.144-145 °. (from ethanol), (Found: C, 69. 05; 
H, 3. 15; Mt 316,314, 312. C 18 H10C1 20 requires C, 69. 05; H, 3. 2 %; 
Mt 316, 314, 312), Vmax  1715 cm (C =0), 6 8. 13-7.23 (7H, c, H3 . 8 
and H31 ), 7. 08 (1H, d of ci, J 
ortho 	meta 
8Hz, J 	2Hz, H51 ), 6. 79 (b r, 1H, 
—  
d, J 8Hz, H61 ), and 5.35 (br, 1H, s, H 2 ). 
1) 	Attempted rearrangement of (1'a,6'a,7'13)-2 1 - and (1'a,6'a.,7')- 
3'_trifluoromethylspiro(acenaphthene- 1, 7 '-norcara-2', 4'-dien)-Z-ones. 
To a sample containing a mixture of 2 1 - and 3 1 -trifluoromethylnorcaradiene 
derivatives (ratio 1:2 by '9F n. m. r.) dissolved in CDC1 3 in an n. m. r. 
tube was added a single crystal of silver perchlorate. After 3 days, 
no change was observed in the proton n. m. r. spectrum, and the material 
was recovered. 
g) Attempted rearrangement of (1'a,6 1 a, 7'p)-2 1 ,4 1 -bis(tri- 
fluoromet}l)spiro(acenaphthene-1, 7 1 -norcara-2 1 , 4'-dien)-2-one. The 
procedure described above was repeated for a sample of the bis(trifluoro-
methyl)norcaradiene derivative. No change &nthe proton n. m. r. spectrum 
was observed after 3f days. 	An identical experiment was performed 
using d 6 -acetone as solvent, with the same result. 
3. 	Attempted acid-catalysed rearrangements of (Pa, 6 1 a, 7'p)-spiro- 
(acenaphthene-1,7'-.norcara--2',4'-dien)-Z- one s. 
a) 	Attempted rearrangement of (l'a,6'a, 7')-21-trif1uoromethyl- 
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spiro(acenaphthene-1, 7'-norcara-2', 4 1 -dien)-2--one. To a sample of 
the norcaradiene dissolved in CDC1 3 in an n. m. r. tube was added one 
crystal of 2-.toluene suiphonic acid. After 3 days, no change was observed 
in the proton n. in. r. spectrum, and the material was recovered. 
b) 	Attempted rearrangement of (l'a.,6'a, 7')_2',4 1 -bis(tri- 
fluoromethyl)spiro(acenaphthene-1, 7'_norcara-2 1 ,4 1 -dien)-Z-one. The 
above procedure was repeated for the 2 1 , 4'_bis(trifluoromethyl)norc ara-
diene derivative. Again no reaction was observed. 
4. 	Variable temperature n. in. r. studies on 2-arylacenaphthen-1-ones. 
The proton n. m. r. spectra of a large number of the 2-arylacenaphth-
en-I-ones synthesised were recorded over a range of temperatures in a 
number of diffe-rent solvents. Coalescence temperatures were measured 
where appropriate. 
The spectra of the following compounds were observed in CDC1 3 
between 6O0 and +65 ° : 2_(2 '_methylph.enyl)acenaphthen 1 -one, 2-(2 1 ,4 1 - 
dimethylphenyl)ac enáphthen- 1-one, 2 -(2', 5 • -dimethylphenylacenaphthefl-
1-one) and 2_(2 1 ,4 1 ..dichlorophenyl)acenaphthen-l-One. 
The spectra of ?--(Z',6  ' -dime thylphenyl)acenaphthen- 1-one and 2-
(2', 4 1 , 6'-trimethylphenyl)acenaphthefl--l-one were observed in CDCI 3 
between 	
0 	 0 
tw en 28 and 65 , and in diphenylether at temperatures of up to 200 
The spectra of 2-(2 '-methoxyphenyi)-, 2_(4'-methoxyphenyl)-, 
Z_(2, 4 1 -dimethoxyphenyl)-, 2-(3 1 -trifluoromethylphenyl)- and 2_(3 1 , 5 , .... 
bis(trifLuorornethyi)pheflyl)aCeflaPhthefl- 1-ones were observed in CDC1 3 
between -70 ° and 28 ° , the 19 F n. m. r. spectrum of the latter also being 
0 observed at _65. 
I 1.5 
The spectrum of 2-(2', 6'- dimethoxyphenyl)ac enaphthen-I -one 
was observed between 280  and  700  in CDC13 and at temperatures up to 
1200 in cI-iiorobenzene. 
C. 	Reactions of(l'a,6'a.,7'f3)-spiro(acenaphthene-1,7'-norcara- 
2 l,  4- dien)- 2-ones with high-potential guinone hydrogen acceptors 
1. 	Reactions with 2,3_dichloro-5,6-dicyano-1,4-benzoguinone(D.D.Q.) 
a) 	Dehydrogenation of (Pa, ô'a., 7 1 f3)-spiro(acenaphthene-1, 7'-. 
norcara-.2 1 ,4 1 -dien)-2-one. The norcaradiene (225 mg, 0.92 mniol) and 
D. D. Q. (470 rug, 2.07 mrnol) were dissolved in dry toluene (15 ml) and 
the mixture heated under reflux, under an atmosphere of dry N 2 , for 6 h. 
The mixture was allowed to cool, and the hydroquinone which had precipitated 
from the solution filtered off. The solvent was removed from the filtrate, 
and the residual dark red solid adsorbed on to silica and chromatographed 
under low pressure. Elution with petrol gave red crystals of acenaphtho- 
[1, 2-b]benzo[d]furan (96 mg, 43 %), M.  p.  84-86° (lit, 
46 
 86-87° ), 2/ max 
1308, 1192, 916, 816, 767 and 730 cm ' . 
b) 	Attempted dehydrogenation of (Pa, 6 1 ç, 7 1 p)_2 1 , 5'-dimethyl- 
spiro(acenaphth.ene- 1, 7 1 -norcara-2 1 , 4'-dien)-2-one. The norcaradiene 
(0. 30 g, 1. 1 mmol) and D. D. Q. (0. 39 g, 1. 7 mmol) were dissolved in dry 
toluene (15 ml) and heated to 60 0 , under an atmosphere of dry N 2. At 
this temperature, a vigorous reaction occurred.. After 15 ruin, the reaction 
appeared to be complete ) and the mixture was allowed to cool, and the 
precipitate which had formed was filtered off. The solvent was removed 
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from the filtrate, and the residue chromatographed on alumina. Elution 
with ether gave 2-(2 t ,5'-dimethylphenyl)acenaphthen_l_one (0.18 g, 60 %)31 
identical in all respects with the material obtained previously. Elution 
with ethyl acetate gave only polymeric oils. 
Ih a similar experiment, the norcaradiene (200 mg, 0.74 mmol) 
and D. D. Q. (386 mg, 1. 70 mmol) were dissolved in dry benzene (30 ml) 
and heated under reflux, in an atmosphere of dry N 2 , for 6 h. On work.-
up, the only product isolated was again 2-(2, 51_di methylphenyl)ace _ 
naphthen-l.-one (30 mg, 15%). 
2. 	Reactions with tetrachloro- 1, 2-benzoguinone (o-chloranil). 
Attempted dehydrogenation of (l'a,6'a, 7'p)_2 1 , 51_dimethyl_ 
spiro(acenaphthene-1, 7 1 -norcara--2 1 , 4-dien)-2-one. The norcaradiene 
(444 mg, 1. 63 mmol) and o-chloranil (602 mg, 2. 45 mmol) were dissolved 
in dry chlorobenzene (15 ml). The mixture was heated under reflux, 
under an atmosphere of dry N 2 , for sf h. 	The mixture was allowed to 
cool., the solvent was removed, and the residue chromatographed on 
alumina. Elution with petrol gave a pale yellow solid which was identical 
in all respects with an authentic sample of 2-chloro-2-(2 1 , 5 1 dimethyl 
phenyl)acenaphthen-1-one (260 mg, 52%). 
In .a similar experiment in which toluene was used as solvent and 
heating under reflux was continued for 31 h, 44% yield of the same product 
was obtained. 
Reaction of 2-(2 1 ,  5?-dime thylphenyl)ac enaphthen- 1- one with 
o-chloranil. Z-(2t,5'-Dimethylphenyl)acenaphthen-l-one (157 mg, 0.577 
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mrnol) and o-chloranil (308 mg, 1.25 mmol) were dissolved in dry 
chlorobenzene (10 ml) and the mixture heated under reflux for 6 h. After 
cooling, the solvent was removed and the residue chromatographed on 
alumina. Elution with petrol/CH 2C1 2 (80:20) gave 2-chloro-2-(2', 5T_ 
clime thylphenyl)ac enaphthen-I -one  (83 mg, 4 7%). 
D. 	Redaction of (l'a,6'a,7')_spiro(acenaphthene-1, 7 1 -norcara-2 1 ,4 1 - 
dien)-2- ones. 
1. 	Reduction reactions 
a) 	Lithium borohydride reduction of (Pa, 6 1 a, 7 1 )_spiro(ace_ 
naphthene-1, 7-norcara.-2 1 ,4 1 -dien)-2-one. To a suspension of LIBH 4 
1120 mg, 5. 45 mmol). in dry T. H. F. (15 ml) at 0 0 under an atmosphere of 
dry.N 2 , was added dropwise, with stirring, over a period of 30 rnhri, a 
solution of the norcaradiene (850 mg, 3. 48 mmol) in T. H. F. (60 ml). 
Stirring at 00  was continued for a further 2 h. The unreacted borohydride 
was then destroyed by the dropwise addition of excess NH 4C1 solution. 
The reaction mixture was extracted with CH 2 C1 2 (150 ml) and the resulting 
solution washed twice with water (150 ml) and dried over MgSO 4. Removal 
of the solvent gave a dark red oil which was chromatographedon alumina. 
Elution with ether-removed a number of minor impurities. Elution with 
ethyl acetate gave a pale red oil, which could not be induced to crystallise, 
and did not distil, even at high temperature and very low pressure, spiro- 
(acenaphthene-1, 7-cyclohepta-11, 3t,  5 1 -trien)-2-ol (830 mg, 970), 	ax 
(neat) 3400 (OH), 3010, 1067, 831, 784, 749, 711 and 688 cm 	7. 78- 
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7. 27 (6H, c, H38 ), 6. 72-6. 53 (3H, c, H21 . 41 ), 6. 20 (1H, in, H51 ), 
5. 51 (1H, ccl, J 9Hz, H 1 , (opposite OH)), 5.07 (1H, ccl, J 9. 5Hz, H6 , 
(opposite H2 )), 4. 70 (1H, s, H2 ) and 1. 84 (hr, 1H, s, exchanges on 
13 
shaking with D2 0, OH), 	C 6 150-119 (aromatic and olefini4 79 (C 
and 58 (C 7')' (Found: M 	1029. C 18 H140 requires M 	1045). 
No significant change was observed in the proton n. in. r. spectrum on 
cooling to 550 
b) 	Lithium aluminium hydride reduction of (l'o., 6'a, 7 1 p)-2 1 , 5'- 
dimethylspiro(acenaphthene- 1, 7 1 -norcara--2 1 , 4'-dien)-Z-one. A solution 
of norcaradiene (140 mg, 0. 51 mmol) in dry T. H. F. (10 ml) was added 
dropwise, with stirring, over a period of 40 mm, to a suspension of LiA1H 4 
52 mg, 1. 37 mmol) in T. H. F. (5 ml), under an atmosphere of dry N 2 . 
After the addition was complete, the mixture was stirred for a further 1 h. 
to ensure complete reaction. The mixture was cooled to 00,  and the 
unreacted LIA1H4 destroyed by the successive addition of 3. drops of 
water, 3 drops of NaOH (15% aqueous solution) and 12 drops of water, 
followed by stirring for a further 15 mm. The mixture was filtered and 
transferred to a separating funnel using CH 2C12 (10 ml). The solution 
was washed with water (3 x 20 ml) and dried over MgSO 4. The solvent 
was removed giving an orange oil which was adsorbed on to deactivated 
alumina and chromatographed under low pressure.. Elution with petrol! 
CH2C1 2 (60:40), which was 40% saturated with water, gave a yellow oil, 
which could not be induced to crystallised, (1'a,6'a,7)-2',5'-dmmethy1- 
siro(acenaphthene-1, 7 1 -norcara-2',4 1 -dien)-2-ol (110 mg, 78%), 	t max 
(neat) 3350 (OH), 1610, 1045, 825 and 785 cm 1 ,6 7.76-7.38 (5H, c, 
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H37), 6. 88 (1H, d of d, J 6. 5Hz, 1Hz, H8 ), 6. 10 (2H, AB quartet, 
H31 , H41 ), 4. 97 (1H, s, H2 ), 3. 57 (1H, d, J 6Hz, H1 , (opposite OH)), 
3.16 (lH, d, J 6Hz, H
61 
 (opposite H2 )), 2. 27 (br, 1H, s, exchanges on 
shaking with D2 0, OH), 2. 08 (3H, s, 2 1 -methyl) and 1. 86 (3H, s, 5 1 - 
methyl), (Found: M+,  274. 1353. C 20H18 0 requires Mt  274. 1358). 
No significant change was observed in the proton n. m. r. spectrum between 
-20 and 60°.. The proton n. m. r. spectrum was observed up to a tempera-
tar:e of 1000  in chlorobenzene and again no significant change was observed. 
2. 	Reactions of spiro(ac enaphthene -1, 7' -cyclohepta- 1 1 , 3 1 , 5 '-trien/ 
'norcara-2', 4'-dien)-2-ols. 
a) 	Dehydration of spiro(acenphthene-1, 7 1 -cyclohepta- 11, 31 , 51_ 
trien)-2-ol. Method i) To a solution' of the alcohol in CDC1 3 in an 
ii. m. r. tube was added one drop of concentrated H 2 SO4. The solution 
instantlybecame dark violet in colour, and the n. rn. r. spectrum showed 
-a dramatic change. 
Method ii) The alcohol (0. 46 g, 1. 87 mmol) was dissolved in glacial 
acetic acid (5 ml) and the solution heated under reflux for 1 h. The mixture 
was-, poured into water (100 ml) and extracted with CH 2C1 2 (2 x 200 ml). 
The organic layer was separated and dried over MgSO 4, and the volume 
-reduced to-approximately 10 ml. Chromatography on alumina and elution 
with ether gave an orange-red oil, which crystallised on standing, the 
n. m. r. spectrum of which was identical to that obtained above, 1-phenyl- 
acenaphthyLene (0. 37 g, 87%), m. p. 
839, 815, 770, 756, and 697 cm ' , 
0 	225a 	0 
55-57 (lit 	59-60 ), 1max 
6 7. 96-7. 26 (11H, C, aromatic) and 
7. 04 (1H, s, H2 ). The plc rate derivative of this compound was prepared, 
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m. p. 122.5-123.5 ° (lit, ?_25a  122-1230). 
Attempted reaction of spiro(acenaphthene-1, 71_ cycl ohepta_1I,3f, 
5 1 -trien)-2-ol in the presence of silver(I) ion. A single crystal of AgC1O 4 
was added to a solution of the alcohol in CDC1 3 in an n. m. r. tube. After 
2 days, no reaction was observed, and the material was recovered. 
Oppenauer oxidation of s.pir o(ac enaphthene- 1, 7 1 -c yclohepta-
i','3t,5Ltrien)_2_ol. The alcohol (67 mg, 0.27 mmol) was dissolved in 
dry benzene (10 ml) and dry acetone (7 ml) added, and the mixture heated 
to reflux. Aluminium tert-butoxide (650 mg, 2. 64 mmol) dissolved in 
dry benzene. (20 ml) was added, and the mixture heated under reflux for 
14 h.. The reaction mixture was allowed to cool and was extracted with 
CH2C12 (50 m1) The solution obtained was washed with dilute NaOH 
-solution (4 x 100 ml) and water (2 x 100 ml) and, dried over MgSO 4. The 
solvent was removed, and the' residue applied to the foot of a preparative 
alumina t. I. c plate, which was eluted with benzene. Extraction of the 
:portion of the plate with RI 0. 6 with CH2C12 yielded a pale yellow solid, 
the propertie-s of which were identical in all respects with an authentic 
sample of (Pa, 61a,  7')-spiro(acenaphthene-1,  71_norcara _21,4 1 _dien )_2_ 
one (l'a :mg, 
Reaction of (l'a.,ô'a., 7 1 p)-2 1 , 5 1 -dimethylspiro(acenaphthene-
1,7 1 -norcara-2',41-dien)_2_ol in the presence of silver(I) ion. To a solution 
the alcohol in CDC13 in an n. m. r. tube was added a single crystal of 
AgClO4. The proton n. m. r. spectrum was recorded at intervals over a 
period of 5 h, after which time the spectrum indicated that the sample had 
undergone a clean rearrangement, with loss of water. The solution was 
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filtered and the solvent removed giving an orange-red gum, 1_(2 1 , 5L 
dimethylphenyl)acenaphthylene," 
	
(neat) 3030, 2910, 1480, 1428, 
aax  
1025, 838, 814 and 769 cm ' , 6 7. 81-7.40 (6H, c, H38 ), 7.26-7. 00 
(3H, c, xylyl protons), 6. 91 (IH, s, H 2 ) and 2. 35 (6H, s, methyls), 
(Found: M 1243. C 20H16 requires 256. 1252). 
E. 	Miscellaneous preparations 
1. 	Preparation of 2-aryl-2-chloroacenaphthen--l-ones. 
2-Chloro-2-phenylacenaphthen-1 -one. 2-Phenylacenaphthen-
1-one (126 mg, 0. 52 mmol) was dissolved in chloroform (10 ml), suiphuryl 
chloride (0. 5 nil) was added, and the mixture was stirred at room tempera-
tire for 4 h. The mixture was then washed with water (10 ml), saturated 
sodium carbonate solution (10 ml) and water (3 x.10 ml). After the solution 
was dried over MgSO4, the solvent was removed giving pale brown crystals 
which gave a brown, oil on attempted recrystallisation from ethanol. 
Chromatography of this oil on silica (eluant petrol/CH 2C1 2 , 90:10) gave 
white crystals, 2-chioro-2-phenylacenaphthen-l-one (140 mg, 97%),  M.P. 
1.38-140° (dec. ), (Found: C, 77. 75; H, 3.95; M+,  280. 0475, 278. 0497.' 
C H ClO requires C, 77. 55; H, 4. 0%;  M 	0469, 280. 0494), P 18 11 	 max 
1727 cm 1 
	
8. 18-7. 61 (6H, c, H38 ), 7. 55-7.37 (ZH, C, H1 ,, H61 )and 
7. 34-7. 20 (3H, C, H2 , 51 ). 
-Chloro-2-(2', 5 1 -dimethylphenyl)acenaphthen- 1-one. The 
procedure described above was repeated for 2-(2 1 , 5'-dimethylphenyl)ace- 
naphthen-l--one (197 mg, 0. 72 mmol). The product was obtained as a pale 
& L.0 
brown oil, which crystallised on trituration with ether, 2-chloro-2-(2., 5'.-
dimethylphenyl)acenaphthen-1-one (220 mg, 99%), m. p.  142. 5-144° (from 
ethanol), (Found: C, 78. 45; H, 4. 9; M+, 308, 306. C 20H15CIO requires 
C, 78. 3; H, 4. 95%; M+, 308, 306), )...' 	1735 cm ' (C=O), 6 8. 18- 
max 
7. 28 (7H, c, H38 and H6 ,), 7. 08 (br, 1H, d, J 7. 5Hz, H4 ,), 6. 90 (1H, d, 
J 7. 5Hz, H3 ,), 2.42 (3H, s, 5'-methyl) and 1.41 (3H, s, 2 1 -methyl). No 
significant change was observed in the proton n. m. r. spectrum on heating 
to 1800  in diphenyl ether. 
2. 	Preparation of 1 -phenylacenaphthylene. 
1- Phenylacenaphthylene was prepared by a modification of the 
225 	 14 
method used by Bonner and Collins for the preparation of the C-labelled 
compound. 
a) 	Lithium aluminium hydride reduction of 2-phenylacenaphthen- 
1-one. L1A1H
4 
 (0. 08 g, 2. 1 mmol) was suspended in dry ether (5 ml) and 
the mixture heated to reflux under an atmosphere of dry N 2 . A solution of 
2-phenylacenaphth.en-1-one (0. 43 g, 1. 76 mmol) in dry ether (20 ml) was 
added dropwise, with stirring, to the gently refluxing mixture. After the 
addition was complete, refluxing and stirring were continued for 20 mm, 
after which the mixture was cooled to 00.  Water (3 drops), NaOH (15% 
aqueous solution, 10 drops) and water (3 drops) were added successively to 
the mixture, and stirring was continued for a further 30 mm. The reaction 
mixture was extracted with CH 2C1 2 (25 ml) and the resulting solution filtered, 
washed with water, and dried over MgSO 4. Removal of the solvent gave a 
yellow solid which was chromatographed on alumina. Elution with ether 
gave unreacted starting material (0. 09 g). Further elution gave 2-phenyl- 
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acenaphthen-1-ol (0.21 g, 61%), m. p.165-167° (from petrol/acetone) (lit,5b 
167. 2-167. 5
0
), 	 )/ 	3500 (OH), 1605, 1110, 788 and 708 cm.' 
b) 	Dehydration of 2-phenylacenaphthen-1-ol. Method i) 2- 
Phenylacenaphthen-l-ol (0. 18 g, 0. 73 mmol) was dissolved in glacial acetic 
acid (5 ml) and the solution heated under reflux for 1 h. The mixture was 
poured onto water (100 ml) and extracted with CH 2C1 2 (3 x 100 ml). After 
drying over MgSO4, the solution obtained was reduced in volume to 
approximately 5 ml, and the mixture chromatographed on alumina. Elution 
with petrol gave 1-phenylacenaphthylene as an oily yellow solid (0. 09 g, 




25  22- 123 ° ). 
Method ii) 2-Phenylacenaphthen-1-ol (0. 13 g, 0. 53 mmol) was dissolved 
in hot dry benzene (5 ml), under an atmosphere of dry N 2 , and phosphorus 
pentoxide (0. 07 g) added. The mixture was heated under reflux for 3 min, 
with swirling. The mixture was allowed to cool, and water (10 ml) was 
added. The mixture was transferred to a separating funnel with CH 2C12 
(10 ml) and the organic layer washed with water (3 x 10 ml), and dried over 
MgS04. Removal of the solvent gave 1-phenylacenaphthylene as a yellow 
gum (0. 12 g, 99%) from which the picrate derivative was prepared, m. p. 
123-124° , mixed m. p. with sample obtained from dehydration of spiro(ace- 
.225a 
naphthene_1, 11 1 _cyclOhepta_1',3',5'-triefl)201 123-124 (lit, 	122-123 ). 
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F. 	Photolytic decomposition of 9-diazo-4, 9-dihydro-8H-cyclopenta- 
[def]phenanthren -8- one- in benzene. 
1. 	Preparation of 9-diazo-4, 9-  dihydr o-8H-c yc1open[def]phenan- 
thren-8- one 
4H-C yclopenta[def]phenanthrene -8, 9-guinone was prepared 
by the method of Trost and icin son. 
45b 
 4H-Cyc1openta[Jphenanthrene 
(5. 12 g,  26. 9 mmol) was dissolved in dioxan (1.35 1) and glacial acetic acid 
(150 ml) and the mixture warmed to 900.  A solution of iodic acid (17. 6 g, 
100 mrnol) in water (125 ml) was added in one portion and the mixture heated 
under reflux for 8 h. The mixture was cooled, and the solvent removed. 
The residue was dissolved in CH 2C1 2 (500 ml), washed with water (3 x 250 
- ml), and the combined washings extracted with CH 2Cl2 (-250 ml). The 
combined organic layers were dried over MgSO 4, and the solvent removed 
givinga dark--brown solid, which was dissolved in CH 2C1 2 ICHC13  and 
chromatographed on silica. Elution with CHC1 3 removed the - iodine and 
elution with CHC1 3 /ethyl acetate (95:5) gave the crude quinone(3. 48 g). 
: This material was further chromatographed on alumina which had been 
deactivated with 9%w/w  water. Elution with benzene/CHC1 3 (3:1) gave - 
the quinone as an orange solid (2. 89 g, 49%), m. p.  242-245 ° (darkens at 
o 	45b 	o 
230 ) (lit, 	260 ), 	/ 	1678 cm (C =0), 6 (60MHz) 7.81 (br, 4H, max 
Fl 3 H3 , H5 and H 7 ), 7.43 (2H, d, H 2 and H 6 ) and 4. 02 (2H, s, CH2 ). 
9- Diazo-4, 9- dihydr o-8H--c yc lopenta[def]phenanthren-8-dne. 
4H-Cyc1openta[Jphenanthrene-8, 9-quinone (2. 89 g, 13. 1 mmol) and - 
toluene-suiphonyihydrazide (2. 72 g, 14. 6 rnmol), were suspended in ethanol 
123 
(25 ml) and the mixture heated under reflux, under an atmosphere of dry 
N2 , for 20 mm. The mixture was allowed to cool, and the crystals which 
formed filtered off and chromatographed on silica. Elution with CH 2C12 
gave the desired product as yellow crystals (2. 42 g, 79%), m.p. 173-175 0 
(dec. ) (from ethanol) (lIt5b  180-181 ' (dec. 
)), 	
7 	2100 and 2080 
(C=N 2 ), 1635 (C0) and 1610 cm- 
1, 
 6 (60MHz) 7.90-6. 85 (6H, c, aromatic) 
and 3. 90 (br, 21-I, s, CH 2)- 
2. 	Photolysis of 9-diazo- 4, 9 -dihydr o-8H-cyclopenta[def]phenanthren- 
8-one in benzene. 
Photolysis in benzene. 9- Diazo-4, 9-dihydro-8H-cyrlopenta-
[def ]phenanthren-8_one (1. 04 g, 4. 48 mmol) was dissolved in benzene (190 
ml) and the solution subjected to photolysis for. 2. 5 h. The solvent was 
reTmoved and the residue adsorbed on to silica and chromatographed under 
low pressure. Elution with petrol/ether (90:10) gave a pale purple solid, 
9_phenyl-4H-cyclopenta[def]phenanthren-8-ol (740 mg, 58.5%), in. p.  108- 
109
0 
 (from ethanol), (Found: C, 89. 1; H, 5. 1; M+,  282. 1032. C 21 H140 
requires C, 89. 35; H, 5. 0%;  M 	1045), 2/ 	3490 and 3440 (OH), max 
1640, 1600, 1435, 1105, 1020, 773 and 702 cm ' , 6 7. 97 (1H, in, H7 ), 
T. 59-7. 19 (10H, c, aromatic), 5. 76 (br, 1H, s, exchanges on shaking with 
D2 0, OH) and 4. 09 (br, 2H, s, CH 2 ), 6 (d6 -acetone) 8. 09 (1 H,. in, H 7 ), 
7. 90 (br, 11-i, s, exchanges on shaking with D 20, OH) 7. 63-7. 22 (lOH, C, 
aromatic) and 4.21 (br, ZH, s, CH 2)- 
Photolysis in benzene / tert-butylamine. 	9- Diazo- 4, 9- dihydr o- 
8H-cyc1openta[flphenanthren-8-one (973 mg, 4.19 mmol) was dissolved in 
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benzene (90 ml), tert-butylamine (1 ml) was added, and the resulting 
solution photolysed for 2 h. The solvent was removed and the residue 
obtained adsorbed on to silica and chromatographed under low pressure. 
Elution with petrol gave a white solid, 8a, lZa-dihydro-4H-benzo[b]çyclo-





 1160, 1155, 822, 802, 769, 720 and 698 cm 1 , 
6 7. 88-7. 26 (6H, c, aromatic), 6. 33-6. 08 (3H, c, H 911 ), 5. 93 (1H, rn, 
H12 ), 5. 70 (1H, d of d, J 12 Hz, 4Hz, H 8 ),. 4.67 (1H, cd, J 12Hz, H 12 ) 
and 4. 28 (br, 2H, s, CH2 ), (Found: M+, 282. 1051. C 21 H 140 requires 
M+, 282. 1045). Satisfactory analytical data were not obtained for this 
compound because of the limited amount of pure material available after 
repeated recrystallisation. Elution with petrol/ether (90:10) gave 9-phenyl-
4H-c yciopentaf Jphenanthren -8- ol identical with that previously obtained 
(608 mg, 51 %). Further elution gave a red oil (48 mg) which contained at 
least 5 components, by t. 1. c. . This was not examined further. Increasing 
the polarity of the eluting solvent to petrol/ether (70:30) gave, as a red solid, 
N-tert-butyl-4, 8-dihydrocyclopenta[Aef 	(33 mg, 3%), 
° 	
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m. p. 124-127 (lit, not reported), 	3250 (NH) and 1640 cm '  
max 
6 (60 MHz) 8. 0-7. 0 (6H, C, aromatic), a 22 (br, 1H, s, H4), 4.25 (br, 2H, 
S, C H2 ), 3. 99 (br, 1H, s, NH) and 1. 27 (9H, s, tert-bty1 group), 
M+  277. 
c) Acid-catalysed rearrangement of 8a, 12a-dihydro-4H-benzo{b}-
cyclopenta[4, 5]phenanthro[9, 10-d1furan. A sample of the dihydrofuran was 
dissolved in CDC1 3 in an n. m. r. tube, and a single crystal of p-toluene 
sulphonic acid was added. After 75 mm, the signals due to the protons of the 
dihydrofuran ring system had disappeared, and the spectrum indicated that a 
clean rearrangement to 97pheny1-4H-cyc1openta[4flphenanthren-8-o1 had 
occurred. 
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G. 	Photolytic decomposition of 2, 3-diazofluoranthenones in benzene. 
1. 	Preparation of 2, 3 -diazofluoranthenone s. 
a) 	Fluoranthene-2, 3-quinone. Method i) Fluoranthene-2, 3- 
quinone was prepared according to the method of Periasamy and Bhatt 26 
Fluoranthene (].. 07 g, 5.30 mmol) was dissolved in acetonitrile (200 nil) 
and H2 SO4 (4N, 50 ml) and the mixture heated to 50 °. A solution of 
ammonium ceric sulphate (20.4 g, 32. 2 mmol) in H2 SO4 (4N, 250 ml) 
was dripped in, with stirring, and the mixture stirred at 500  for 4 h. 
The mixture was allowed to cool and settle, after which the supernatant 
liquid was decanted into a separating funnel. The solution was diluted with 
water (250 ml) and extracted with ether (2 x 200 ml). The organic layer 
was dried over MgSO4 and the solvent removed, giving a red-brown solid 
which was adsorbed on to silica and chromatographed under low pressure. 
Elution with CH2C1 2 /petrol (50:50) gave unreacted fluoranthene (53 mg). 
Elution with CH. C1, gave the product as red crystals (732 mg, 62%), m. p. 
Z27 0 	 -1 
186-188 (lit, 194 ), V 	1705 and 1660 cm , 6 (60MHz,) 7.85-7.25 (7H, 
max 
c, H410) and 6.84 (1H, s, H 1 ). 
Method ii) Flu oranthene-2, 3-quinone was prepared by the method of 
227 
Campbell and Reid. 	A solution of chromic trioxide (30 g, 300 mmol) in 
water (20 ml) and glacial acetic acid (20 ml) was added to a stirred solution 
of fluoranthene (20 g, 99 mmol) in acetic acid (300 ml) over a period of 15 
mm, the temperature of the mixture being maintained below 500  at all times. 
The mixture was heated on a boiling water bath for 18 h, then poured into 
water (2. 5 1), and the red precipitate filtered off. After washing with hot 
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water, the solid obtained was dissolved in CHC1 3 (500 ml) and washed with 
saturated sodium carbonate solution (250 ml) and with water (2 x 250 ml). 
After drying over MgSO 4, the solvent was removed and the residue adsorbed 
on to silica and chromatographed under low pressure (1000 x 25 mm column, 
flow rate 25 ml min, pressure 30 P. S. 1. ). Elution with petrol/CH 2C12 
(50:50) gave unreacted fluoranthene (7. 7 g). Elution with CH 2C1 2 gave the 
desired product as described above (3. 0 g, 21%). 
b) 	Reaction of fluoranthene-2, 3-guinone with p- toluene sulphonyl- 
hydrazide. Fluor anthene -2,3 -quinone and 2-toluene suiphonyihydrazide were 
reacted according to the method of Ried and Dietrich 28 The quinone (1. 12 g, 
4. 59 mmol) and the hydrazide (0. 88 g, 4. 91 mmol) were suspended in 
methanol (20 ml) and the mixture heated under reflux, under an atmosphere 
of dry N2 , for 20 rain, with occasional swirling. The mixture was cooled, 
and the solvent removed on a rotary evaporator. The residue was taken up 
in CH CI(20 i-ni) and applied to the top of an alumina column which was 
wrapped in aluminium foil to exclude light. Elution with CH2C1 2 /petrol 
(50:50) gave 2-diazofluoranthen-3(2H)-one (455 mg, 39%),  m.p. 171-1760 
(dec. ) (lit, 165 ° (dec. f, 28 178-182° (dec. )46), 	'max 2125 (C=N2 ) and 
1630 cm (C0), 6 8.10-7.28 (C), (Calc. for C16H8N20: M+,  244. 0637. 
Found: M+, 244. 0643). Elution with CH 2C1 2 gave 3-diazofluoranthen-
2(3H)-one (236 nag, 20%),  m. p. 153-155. 5
0 




 (dec. )), 
2090 (C=N ) and 1630 cm- I (C=O), 6 7. 75-6. 99 (c), (Caic. for 
max 	 .2 	 - 
C16H8N20: M+, 244. 0637. Found: M+  244. 0644). 
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2. 	Photolysis of 2, 3-diaof1uoranthenones in benzene. 
Photolysis of 3-diazofluoranthen.-2(3H)-one in benzene. 3- 
Diaz ofluor anthen- 2(3 H)- one (437 mg, 1. 79 mmol) was dissolved in benzene 
(80 ml) and photolysed for 3.h. The solvent was removed on a rotary 
evaporator and the dark red oil obtained adsorbed on to silica and chrornato-
graphed under low pressure. Elution with petrol/CH 2C1 2 (60:40) gave a' 
red oil (67 mg) which t. 1. c. indicated to be composed of a mixture of at 
least five components. This was not examined further. Further elution 
gave a red brown oil, which yielded cream-coloured crystals on trituration 
with petr ol, 3-. phenyifluoranthen- 2- ol (200 mg, 38%), m. p. 1101110 (from 
petrol/acetone), (Found: C, 89. 9; H, 4. 8; Mt 294. C 22H140 requires 
C, 89. 75; H, 4.8%; Mt 294),)/max 
 3490 (OH), 1605, 1170, 1147, 777, 
756 and 706 cm 1 , 6 7. 86-7. 65 (4H, c, H 1 and H46), 7. 53-7. 27 (9H, c, 
phenyl protons and H710), and 5.42 (br, 1H, s, exchanges on shaking with 
D2 0, OH). 
Photolysis of 3 -diazofluoranthen- 2(3H)-one in benzene/tert-
butylarnine. 3 -Diaz ofluoranthen-2(3H)-one (920 mg, 3. 77 mmol) was 
dissolved in benzene (75 ml) and tert-butylamine (5 ml) and the solution 
subjected to photolysis for 5. 5 h. 'Removal of the solvent gave a dark-green 
tarry material which was adsorbed on to silica and chromatographed under 
low pressure. Elution with petrol/CH 2C1 2 (80:20) gave a fluorescent green 
solid, 9a, 13a-dihydrobenzo[b]fluorantheno[3, 2-d]furan (132 mg, 12%), 
p. 162. 5-164 ° from toluene), (Found: C, 89.6; H, 4. 8; M+, 294. 
C H 0 requires C, 89.75; H, 4.8%; M+,  294), / 	1225, 1180, 1170, 
2214 	 ' 	 max 
907, '814, 770, 747 and 690 cm ' , 6 7.86-7. 54 (5H,'c, aromatic), 7.51 (1H, 
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H8 ). 7. 40-7. 22 (2H, c, aromatic), 6. 32-5. 86 (4H, c, H 1013 ), 5.60-  
(iN, d of d, J 12Hz, 4Hz, H9a)  and 4.69'(1H, cd, J1ZHz, H 13 ). Increasing 
the polarity of the solvent (petrol/CH 2 C1 2 .1 60:40) gave 73 mg of a red oil 
which t. 1. c. indicated was similar to the multi-component mixture described 
above. Further elution gave 3-phenylfluoranthen-2-ol, identical with that 
described above (257 mg, 23%).  Backflushing the column with ethyl acetate 
gave 624 mg of black tar. 
Acid catalysed rearrangement of 9a, 13a-d.ihydrobenzo[bJ-
fiuorantheno[3, 2-d]furan. To  sample of the dihydrofuran in CDC1 3 in an 
n. m. r. tube, was added a single crystal of 2-toluenesulphonic acid. The 
n. m. r. spectrum of the sample was recorded at short intervals after the 
addition. Alter ten minutes, the resonances due to the dihydrofuran ring 
system had disappeared, and the spectrum indicated that a clean rearrange-
ment to 3-phenylfluoranthen-2-ol had occurred. 
Photolysis of 2_diazofiuoranthen-3(ZH)-one in benzene. 2-
Diaz ofluoranthen-3(ZH)-one (471 mg, 1. 93 mmol) was dissolved in benzene 
(90 ml), and subjected to photolysis for 1 h. Removal of the solvent gave a 
dark brown oil which was adsorbed on to silica and chromatographed under 
low pressure. Elution with petrol/CH 2 C12 (80:20) gave a green solid, 
solutions of which exhibited green fluorescence, 2-phenylfluoranthen-3-ol 
(419 mg, 74 %), m. p. 140.5-141.5 ° (from ethanol), (Found: C, 89.7; H, 
4. 65; M+,  294. C H 0 requires C, 89. 75; H, 4. 8%; M+, 294), 22 14 	 max 
3500 and 3400 (OH), 780, 760 and 705 cm - ', 6 8.15-7. 18 (br, 13H, C, 
aromatic) and 5. 92 (1H, s, exchanges on shaking with D 20, OH). Spectrum 
sharpened considerably on cooling to -40
0 
 or on shaking with D 20. 5 (C 2 D6 SO) 
8. 34 (IN, d, J 8. 5 Hz, H), 8. 02-7. 84 (4H, C, aromatic), 7. 68-7. 20 (8H, 
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c, aromatic) and-3. 6 (br, 1H, s, OH). Spectrum became progressively 
broader on heating to 1600,  and sharpened on cooling again. Electron spin 
resonance spectroscopy indicated that the broadening of the proton n. m. r. 
spectrum was due to the presence of a small concentration of a long-lived 
free radical species (see below). 
e) 	Photolysis of 2 -diaz ofluor anthen-3(2H)- one in benzene/tert- 
butylamine. 2 -Diaz ofluoranthen-3(2H)-one (666 mg, 2. 73 mmol) was 
dissolved in benzene (75 ml) and tert-butylamine (5 ml), and the mixture 
subjected to photolysis for 4. 5 h. Removal of the solvent gave a dark brown 
tar which was adsorbed on to silica and chromatographed under low pressure. 
Elution with petrol/CH 2 C1 2 (95:5) gave a yellow solid, 8b, 12a-dihydrobenzo-
[b]fluorantheno[2,3-d1furan (20 mg, 2.5%),  m. p. 79-83 0 ,1-t'riax 
 ui 3 ) 
2950, 2920, 2845, 1445, 1260, 1185, 1105 and 1015 cm 1 , 6 7. 96-7.22 (8H, 
c, aromatic), 6.16-5. 94 (4H, c, H 912), 5. 72 (1H, d of d, J 12Hz, 3Hz, 
H12 ) and 4. 44 (1 H, d, J 12Hz, HSb),  (Found: 
M+,  294. 1032 (26); (M+_2), 
292. 0876 (100). C 22H140 requires M 	1045; (M 2)  (C22H120), 
292. 0888). Suitable analytical data could not be obtained for this compound 
because of the small amount of material available. Increasing the polarity 
of the solvent to petrol/CH 2C1 2 (80:20) gave 2-phenylfluoranthen-3-ol 
identical with that obtained previously (426 mg, 53%).  Backflushing the 
column with ethyl acetate gave black tar (327 mg). 
f 	Acid hydrolysis of the polar tars obtained from photolyses of 
2, 3-diazofluoran thenones in benzene/tert-butylamine. The combined tars 
obtained from the photolyses of the two 2, 3-diazofluoranthenones in benzene/ 
tert-butylarnine were dissolved in glacial acetic acid (20 ml) and heated to 80°. 
I DU  
HC1 (5M, 10 ml) was added, and the mixture heated under reflux for 
8. 5 h. The solvent was removed on a rotary evaporator, and.. the 
residue taken up in CH2C12 (50 ml). The solution was extracted with 
aqueous potassium carbonate solution (10%w/v,  100 ml) and the aqueous 
layer washed with CH' 2C12 (50 ml) and ethyl acetate (50 ml). The ethyl 
acetate solution was extracted with a further portion of carbonate solution 
(50 ml), and the combined basic layers acidified with concentrated H 2 SO4 
(45 ml). The resulting mixture was extracted with ethyl acetate (2 x 50 
ml) and the organic solution dried over MgSO 4 Removal of the solvent 
gave a dark red gum (24 mg) which n. m. r. indicated was probably poly-
meric in nature. 
H. 	Addenda 
1. 	Electron spin resonance spectroscopy studies 
a) 	E. s, r. spectrum of radical derived from 2-phenyl- 
fluoranthen- 3- ol. A solution of 2-phenylfluoranthen-3--ol in toluene 
(0. 05M) was -prepared and a portion of the solution transferred to an 
•e. s. r. tube, degassed and the e. s. r. spectrum observed at ambient 
temperature. A strong signal was obtained which, when resolved, was 
found to be rather complex, consisting of a symmetrical multiplet centred 
on g = 2. 0072 (±0. 0002). The smallest observed splitting was 0. 58 
(±° 02) gauss and the total width of the spectrum was 15. 5 (+0. 1) gauss. 
(Total number of lines >28). 
By comparison of the intensity of the signal with those of signals 
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obtained from solutions of diphenylpicrylhydrazyl (DPPH) of known 
concentrations, it was possible to estimate that,at room temperature, 
the radical species present constituted between 0. 4 and 0. 8% of the 
solute. The concentration of the radical was also shown to be tempera-
ture dependent, the intensity of the signal decreasing considerably on 
cooling to 5O0  and returning to its original level on returning to room 
temperature. 
In order to determine the manner of formation of the radical, a 
solution of Z-diazofluoranthen-3(ZH)-one in benzene (0. 07M) was prepared, 
and a portion of this solution was transferred to an e. s. r. tube, degassed 
and the tube sealed. The tube was attached to the cooling jacket of a 
photochemical reactor and the solution subjected to photolysis for 1 h, 
after which time evolution of N 2 had ceased. No appreciable e. s. r. 
signal was detected from the resulting solution. The e. s. r. tube was 
opened to the atmosphere and a stream of 0 2 was bubbled through the 
solution, via a glass capillary tube, for 1 h. Again, on degassing, no 
appreciable signal was obtained, although t. 1. c. indicated the presence 
of 2-phenylfluoranthen-3-ol. The sample was adsorbed on to a small 
amount of silica and exposed to the atmosphere for approximately 15 mm. 
The silica was extracted with benzene (5 ml) and the volume of the solution 
obtained reduced to approximately 0. 5 ml. The resulting solution was 
transferred to an e. s. r. tube, degassed, and the e. s. r. spectrum 
recorded. A strong signal, which was indistinguishable from that 
described above, was obtained. 
b) 	Photolysis of 2- diazofluoranthen- 3(ZH)- one in d5-benzene. 
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Z -Diaz of1uoranthen-3(2H)-one (60 mg, 0. 25 mmol) was dissolved in 
6 -ben 	(2 ml), which had been dried over molecular sieve, and the 
solution placed in an n. m. r. tube. The tube was attached to the cooling 
jacket of a photochemical reactor and the solution photolysed for 3 h, 
after which time the n. in. r. spectrum indicated that 2-phenyl-d 5 - flu or-
anthen-3-ol-d had been produced. The solution was applied to the top 
of a silica column. Elution with petrol/C H 2C1 2 (50:50) gave a red oil. 
Proton n. ni. .r. indicated that exchange of the 0-deuterium for hydrogen 
had occurred to give 2-phenyl-d 5 -fluoranthen..3-ol (48 mg, 65%),  6 8.4- 
7. 0 (br, 8H, c, aromatic) and 5. 94 (br, 1H, s, OH), spectrum sharpened 
on cooling to -60
0
A solution of this material in toluene (0. 1M) was 
prepared and a portion of this solution transferred to an e. s. r. tube, 
degassed and the e. s. r. spectrum recorded. A strong symmetrical 
signal, consisting of five broad lines with the same centre as the spectrum 
already described, was obtained. 
c) 	E s. r. spectrum of radical derived from 9-phenyl-4H-cyclo- 
pen[def]phenanthren-8-ol. The proton n. m. r. spectrum of 3-phenyl-
fluoranthen-2-ol in CDC1 3 was recorded at 600.  No line broadening was 
observed. However, the spectrum of 9-phenyl--4H-c yclopenta[]phenan-
thren-8-ol in CDC1 3 was broadened considerably at 60 ° , indicating that a 
radical species might be present. A solution of 9-phenyl-4H-cyclopenta-
[Jphenanthren-8-ol in toluene (0. 08M) was prepared, and a portion of 
this solution transferred to an e. s. r. tube and degassed. No appreciable 
signal was detected at room temperature. After heating at 600  for 20 
mm, a weak, poorly resolved multiplet was observed. On cooling to 
room temperature again, this signal disappeared. A more concentrated 
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(0. 21M) .solution was prepared in the manner described above. At 
room temperature, a very weak signal was detectable. The signal 
strengthened on heating to 600,  but the resolution remained so poor 
that no useful measurements could be made. 
Photolysis of 2-diazoacenaphthen- 1-one in benzene/ tert-butyl-
amine. A sample of Z-diazoacenaphthen-l-one was dissolved in benzene 
(90 ml) and tert-butylamine (1 ml) was added. The mixture was sub-
jected to photolysis for 6 h, after which time t. 1. c. (alumina /benzene) 
indicated that only (l'a, 6, 7'13)_spiro(acenaphthene-1, 7 1 -norcara-2 1 ,4 1 -
dien)-2-one had been formed. 
Thermal rearrangement of (lta,6ta.,7rp)_spiro(acenaphthene_l,  7 1 - 
norcaraZ', 4-diea)..2-one in the presence of tert-butylamine. The 
norcaradiene (90 mg, 0. 37 mmol) was dissolved in dry xylene (5 ml) and 
one drop oftert-butylamnine added. The mixture was heated under reflux 
for 60 h and the solvent removed giving a dark red/brown oil. Prepara-
tive scale t. 1. c. (alumina/benzene) yielded 2-phenylacenaphthen- 1- one 
(70 mg, 77%),  identical to that described previously. No other product 
was isolated. Similar experiments using toluene and benzene as solvents 
gave similar results. 
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APPENDIX 
Low pressure liquid adsorption chromatography 
Introduction. This technique, details of which were kindly provided by 
Professor A. Padwa (State University of New York), was used, whenever 
possible, in preference to other forms of preparative chromatography. 
As well as being far quicker than normal, " gravity " chromatography, and 
more readily linked to automatic fraction collectors and detectors, this 
technique has the further advantage that the efficiency of separation is 
improved considerably, provided the correct conditions for the separa-
tion are selected. Components which are barely resolvable by t. 1. c. may 
be resolved completely using this technique, and, under optimum conditions, 
components not visibly separated on t. I. c. plates are, at least, partially. 
resolved. Depending on the difficulty of the separation, quantities of 
up to 5 g may be chromatographed conveniently on a 1000 mm long column 
15 mm in diameter, larger columns being used for greater quantities or 
more difficult separations. 
One final advantage of this technique is that the column packing 
may be cleaned after use, by pumping polar solvents through the column 
in the opposite direction to that used for separation (ttbackflushingtt),  and 
then re-used. The inclusion of a small pre-column (scrubber column) 
in the set-up used ensures that no highly polar, tarry material enters the 
main column, thus enhancing the lifetime of the column packing. Columns 
* Note. An intrinsically identical system has been described recently by 
Meyers et al. 229 
ction 
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operated in this manner have been in use for approximately two years 
without requiring renewal of the packing. 
Apparatus. A typical low pressure chromatography set-up is shown 
diagrammatically in figure 1. A reciprocating pump is used to pump 
the eluant from the solvent reservoir through the columns at rates generally 
between 5 and 50 ml min- 1. This requires operating at pressures between 
10 and 60 p. s. I. , the pressure being monitored at all times using a gauge 
protected by a safety valve. The columns used are made of glass and 
have uniform internal diameters. They are packed with high quality 
alumina or silica of fairly uniform, small particle size. 
Equipment which may be used in conjunction with the basic 
apparatus described above includes a four-way valve, permitting injec-
tions of the mixture to be separated to be made without disconnecting 
any part of the apparatus; a suitable detection device; and an automatic 
fraction collector.. 
Packing of columns. As already mentioned, columns are packed with 
alumina or silica of fairly uniform particle size (50-100p.). For optimum 
separations, a tight packing is required. This is achieved by introducing 
small amounts (0. 3-0. 5 cm3 ) of the dry packing material into the column 
at a time, whilst tapping the bottom end of the column repeatedly on a 
wooden block. This procedure is best performed in a fume hood, and 
it is advisable for the packer to wear a dust mask to prevent inhalation 
of the fine powders used. 
When the column is packed and suitable fittings attached, the 
required solvent is pumped into the column from the bottom, pumping 
being continued until all the air is expelled from the system. The 
co].ürnn is then ready for use, or for storage. Columns are stored 
filled with a non-polar solvent, such as light petroleum, and are stoppered 
toprevent air from entering them. 
Selection of conditions:for separation. The selection of the conditions 
necessary to achieve a rapid, but efficient separation is a matter 
requiring some experience. Generally silica columns are preferred to 
alumina, as high grade silica of sufficiently small, uniform particle size 
is more readily available. Clearly, however, there are instances where 
it is necessary to use alumina columns. 
The choice of elu ant is based on the separation achieved on t. 1. c. 
plates. A solvent giving an Rf of 0. 3-0.4 on t. 1. c. for the fastest 
moving component of the mixture to be separated, is often ideal for the 
rapid elution of that component, though obviously the relative activities 
of the columns. and the t. 1. c. plates will affect the choice of the RI value 
providing the most suitable conditions. Further solvent systems, for 
the removal of the other components of the mixture, may also be chosen 
on the basis of t. 1. c. , if necessary. 
If desired, the activity of the column may be controlled by the 
use of solvents which have been partially saturated with water. Initial 
conditioning of the columns is achieved by backflushing with at least 5 
column volumes of ether which has been water-saturated to the desired 
extent. Re-activation is achieved similarly using sodium-dried ether. 
If, after selecting apparently suitable conditions, the desired 
separation of two components with very similar RI values is not achieved, 
a different solvent system with the same solvent strength (C0 ) may give 
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more satisfactory results in an equally short time 30 
Introduction of samples on to the column. The material to be separated. 
is introduced on to the pre-column in one of two manners. Either the 
material is pre-adsorbed. on to a quantity of the packing material and 
packed into the pre-column sandwiched between volumes of clean silica or 
alumina, or it is dissolved in a small amount of the eluting solvent and 
injected into a packed pre-column. The former method has been found 
to be the more convenient for quantities in excess of a few hundred mill-
grams, unless the material to be separated is very soluble in small 
amounts (<5 ml) of the eluant. Direct injection also requires the use of 
a 17 gas-tight" type of syringe. 
As already mentioned, the function of the pre-column is to prevent 
highlypolar, tarry material from entering the main column and thus to 
prolong the lifetime of the main column packing. This necessarily 
implies that the pre-column packing must be renewed more frequently. 
It has been-found that the packing in the pre-column is best renewed 
after five to ten separations, if injections are used, or after each run if 
the pre-adsorption technique is employed. Lower grades of packing 
materials may be used in the pre-column, for reasons of economy, without 
greatly affecting the separation achieved, however. 
Operating procedure. The main column is first filled with the solvent 
system chosen on the basis of t. 1. c. If the mixture to be separated is to 
be injected, the pre-column is filled with the eluant at the same time. 
The sample is then injected on to the column. If pre-adsorption of the 
mixture is used, then, after packing, the pre-column is filled with eluant, 
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and as much air excluded as possible, before connecting. to the main 
column. Elution of the mixture with the chosen solvent system is then 
carried out until the first component is removed from the column. If 
necessary, the polarity of the eluant may then be increased gradually to 
remove the remaining components, as in other forms of column chromato-
graphy. 
When all of the desired material is obtained from the column, it 
is then re-connected for back flushing, and flushed with 3-5 column 
volumes of ethyl acetate. The column is then filled with the solvent 
system required for the next separation, or with petrol for storage. 
Finally, it should be noted that occasional back flushing with 
ethanol, followed by reactivation using sodium-dried ether, helps in 
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A. 	Photolytic decomposition of 2-diazoacenaphthen--1 -one in 
aromatic solvents. 
When 2- diaz oac enaphthen- 1- one (50) is subjected to photolysis 
in aromatic solvents, reaction of the resulting 1, 2-oxocarbene with 
the solvent occurs, to give either products of addition of the carbene 
to the aromatic double bond, or products of formal insertion into the 
aromatic C-H bond of the solvent. The exact mode of reaction depends 
on the nature of the substituents on the aromatic nucleus. 
48 	 74 
These reactions are incontrastto the thermal and catalysed 
decompositions of 2- diazoac enaphthen- 1- one in aromatic solvents, from 
which products arising rrom attack of the intermediate 1, 2-oxocarbene 
or oxocarbenoid. on the starting material are obtained. 
1. 	Photol vsis of 2- diaz oac enaphthen- 1- one in benzene. Photolysis 
of 2-diazoacenaphthen-1-one in benzene, using a medium pressure 
mercury vapou-r lamp through either quartz or pyrex filters, gives 
(Pa, 6'a, 7'3)_ spiro(acenaphthene- 1, 7'-norcara-2, 4'-dien)-2-one (95). 115 
Yields are consistently high, up to 88% yield, based on unrecovered 
-starting material, having been obtained. The main evidence for the 
structure of this compound comes from its ' H n. m. r. spectrum; which 
shows a multiplet due to two protons at 6 3. 31. This value compares 
well with those obtained for other compounds with the norcaradiene 
112a, 116, 162, 178, 179, 181-5, 189, 192-4, 205 
structure. 	 A more detailed 
discussion of the n. m. r. spectra of this compound in relation to its 
detailed structure is given later. 	Analytical, mass spectral, and 
infrared data were consistent with the structure shown. In particular 
143 
the infrared spectrum showed a strong C0 stretch at 1695 cm ' . 
That this compound exists in'the norcaradiene rather than the 
cycloheptatriene form is not surprising, in view of the theories of 
186 	ft 	 187 Hoff mann 	and Gunther. 	The acenaphthenone ring system 
possesses a suitable n-system, held in the correct geometry, into 
which electrons from the three-membered ring of the norcaradiene 
maybe donated. The C 2 1 8 -c -C bond angle is clearly not sufficiently 
181b, 189-195 
small to favour the cycloheptatriene form. 
As well as showing that this compound exists in the norcaradiene 
form, the proton n. m. r. spectrum indicates that it is the isomer with 
the six-membered ring of the norcaradiene exo to the carbonyl function 
(176a) that is formed in the photolysis. The signal due to H 8 is shifted 
upfield relative to those due to H
3-7 
 (to  6 6.91) because of the shielding 
effect of the hexadiene portion of the norcaradiene ring. 
3 r 1--­- 7 3 
(176ci) 	 (176b). 
The reason for the formation of (176a) rather than . 1 1 a, 6 1 a, 7 1 q-
spiro(acenaphthene-1, 7 1 -norcara-2 1 , 4?_dien)_2_one (176b) may be 
related to Stohrer and Daub 	suggestion that an antibonding through 
space interaction occurs between the orbitals of the norcaradiene ring 
and electron acceptors endo to the ring. The carbonyl group of the 
acenaphthenone ring system is a better electron acceptor than the 
1l'7CL 
UIUL)J 'z- (176a) 
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aromatic rings, and consequently a stronger antibonding interaction 
might be expected between the norcaradiene ring orbitals and those of 
an endo carbonyl group than between the orbitals of the norcaradiene 
ring and an endo aromatic system. Hence the isomer with the carbonyl 
group exo to the six-membered ring of the norcaradiene (176a) is the 
more stable form, and is formed in preference to the alternative 
isomer (176b). 
An alternative explanation depends on the stability of the two 
forms relative to the corresponding cycloheptatriene form of the 
compound (177). The key factor in determining the relative stabilities 
of the three forms is the presence of the proton on C 8 of the acenaph-
thenone ring system which effectively renders the aryl rings bulkier 
than the carbonyl group. Steric interactions between the proton on C 8 
and the cyclopropane protons of (176b) would be expected to destabilise 
this form relative to the cycloheptatriene form. 
182c 
 However, the 
steric effect of this proton is also to destabilise the cycloheptatriene 
form relative to (176a). 116 If the three species are considered as 
equilibrating with one another then the steric effect of the proton on C 8 








(178) X Y % Yield 
a CF H 35 
b H CF  26 
c Cl H 44.5 
d H Cl 25 
e CN H 13 
I H CN 24 
g CF  CF  45 
h Cl Cl 31 
Scheme 48 
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2. 	Photolysis of Z-diazoacenaphthen-1-one in aromatic solvents 
bearing electron-withdrawing sub stituents. The photolytic decompo-
sition of 2-diazoacenaphthen-l-one in solution in benzene derivatives 
bearing single or two meta electron-withdrawing substituents has been 
studied. All the photolyses were carried out through a pyrex filter 
ising a medium pressure mercury vapour lamp. The major products 
in each case were again spiro(acenaphthene-1, 7t_norcara_2 1 ,4 1 _dien)_ 
Z-one derivatives, total yields ranging from ca 30 to 70 %. 
The ph.otolyses in monosubstituted solvents (benzotrifluoride, 
chlorobenzene and benzonitrile) gave isomeric pairs of norcaradienes 
which were identified, in each case, as the 2L and 3 1 -substituted 
derivatives (178a-f). These compounds could not be separated readily 
by conventional chromatographic techniques, but were resolved with 
relative ease using low pressure liquid adsorption chromatography (see 
appendix to experimental section). No evidence for formation of the 
l'-derivatives was obtained. The possible reasons for this will be 
discussed later. 
Photolysis of Z-diaz oacenaphthen- 1-one in meta- disubstituted 
solvents (1. 3-bis(trifluoromethyl)benzene and 1,3-dichlorobenzene) gave 
single norcaradiene derivatives, substituted at the 2'- and 4 1 _positions(178gh 
Again there was no evidence of formation of the 1', 3' - or 1', 5'-disub-
stituted Droducts. 
The above addition reactions are summarised in scheme 48. 
The ' H n. m. r. spectra of these products were again of prime 
importance in assigning structures. All of the compounds exhibit 
11b 
two-proton resonances between 6 3. 3 and 3. 2 and single-proton doublets 
between 6 6.7 and 6. 9. indicating that they possess the same (l'ci,ô'ct, 
V P )- spiro(acenaphthene- 1', 7'-norcara-Z', 4'-dien)-2-one skeleton as 
(95). The most important features of these spectra are dealt with in 
detail in section A4. 
Again the infrared spectra of these compounds showed strong 
carbonyl stretching bands between 1695 and 1710 cm- 1. In addition the 
2'- and 3 1 -cyano derivatives gave nitrile stretches at 2210 and 2215 cm ' 
respectively. Satisfactory elemental analyses could not be obtained for 
the cyano norcaradiene derivatives (178e, f) due to their slow decomposi-
tion on attempted recrystallisation. Both heat and light appeared to 
accelerate this decomposition. Attempted recrystallisation of the 2'-
trifluoromethyl derivative (178a) resulted in formation of the 3'-sub-
stituted derivative (178b), presumably via a "Ber son- Willc ott 2' type 
rearrangement (see scheme 63, page 185) . 	Consequently analytical 
data on the 2'-derivative could not be obtained. Accurate mass 
measurements supported the assigned structures of these compounds 
however. For all the other norcaradiene derivatives mentioned above, 
mass spectral and analytical data were consistent with the structures 
shown. 
In addition to norcaradiene formation, the reactions in chLLoro-
benzene and 1, 3-dichlorobenzene gave the products of formal insertion 
into the carbon-chlorine bonds of the solvent (179, X=H, Cl) in 9 and 10% 
yield respectively. The structures of these compounds were based on 
analytical and spectral data. In addition, (179, XH) was synthesised 
via chlorination of 2-phenylacenaphthen-1 -one using suiphuryl chloride. 
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(17g) 
Attack of the carbene on the aryl-chlorine bond is not surprising 
1n view of its relative weakness compared to the aryl-hydrogen bond. 231 
Whether these products are produced via direct insertion or via rearrange-
ment of some of the norcaradienes formed is unclear however. No 
furan derivatives, (180), analogous to those obtained by Maas and 
(180) 
Re gitz 1 fromthe photolysis of dimethyl diazomalonate in 1,4-dichioro-
benzene, were obtained in these reactions. 
In the photolysis of 2-diazoacenaphthen-l-one (50) in benzonitrile, 
norcaradiene formation was accompanied by apparent 1, 3-dipolar cyclo-
addition of the intermediate 1, 2-oxocarbene to the nitrile group to give 
the oxazole (126) in 22% yield (scheme 49). Formation of this oxazole 








(50) 	 Scheme 49 	 (126) 
lamp has been reported independently by Tsuge and Koga. 160 No 
mention was made of norcaradiene formation however. 
Since 1,3-dipolar c.ycloaddition of the intermediate 1, 2-oxocar-
bene would appear to be the most likely mechanism for oxazole formation, 
the greater yield of norcaradiene products (37% in total) is perhaps 
rather surprising, especially in view of the reputed excellence of the 
nitrile function as a dipolarophile. 
23 .2 The suggestion by 	
24,233 
 
that catalytic amounts of benzamide (produced by hydrolysis of benzonitrile 
by traces of moisture) are responsible for the apparent 1,3-dipolar 
reaction, of benzonitrile, would appear inapplicable in this case, since 
the conditions used were mild compared to those employed by Trattles 
(therrnolysis in mesitylene at 260 0C in a sealed reaction vessel). 
Moreover the solvent was prepared according to Trattles' method 233  for 
preparing "superdry" benzonitrile. A possible alternative to the 1,3-
dipolar mechanism is a stepwise mechanism, in which the 1,2-oxocarbene 
attacks the nitrile group to form the zwitterion (181) which then cyclises 
to the oxazole (scheme 50). The main attraction of this mechanism is 
that only a single form of the carbene is necessary to explain the two 










The absence of norcaradiene products with substituents in the 
1 1 /6' position in the reactions described above suggested that interesting 
results might be obtained if 2-diazoacenaphthen-1-one were subjected 
to photolysis in solvents in which the patterns of substitution were such 
that, if addition of the intermediate 1, 2-oxocarbene to the aromatic 
double bond occurred, such products would inevitably be obtained. 
Only one such photolysis was carried out, namely the reaction in hexa-
fluorobenzene which afforded a single product in 72% yield. Analytical 
and mass spectral data suggested that the product had resulted from 
reaction of the carbene with the solvent. The infrared spectrum 
showed a strong carbonyl stretching band at 1745 cm - 1 as well as a 
strong fluorine-substituted vinyl stretch at 1695 cm. 	The 
n. rn. r. of the compound exhibited two complex groups of resonances 
in the aromatic region,due to the acenaphthene ring protons,while its 
19F n. m. r. spectrum was comparable to spectra obtained for hexa-
fluorocycloheptatriene derivatives. 
198 
 On the basis of this evidence, 
the compound was assigned the structure (182). 	Further evidence in 
support of this structure came from 
13 
 C n. m. r. spectroscopy. All of 
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3. 	Photolysis of 2-diazoacenaphthen-l-one in aromatic solvents 
bearing electron-releasing substituents. When 2-diazoacenaphthen-
1-one (50) is photolysed in solvents with one or more electron-releasing 
substituents, the major reaction products are either norcaradienes, as 
before, or products of formal insertion into the aromatic C - H bonds 
of the solvent. Thus, photolysis in toluene or -xylene gives rise to 
the norcaradienes (183a-c), 
115 
 whereas photolysis in rn-xylene, 
mesitylene, anisole or 1, 3-dimethoxybenzene affords the formal insertion 
products (184a-g). These reactions are summarised in scheme 51. 
The two norcaradienes (183a and b) obtained on photolysis of 
2-diazoacenaphth-l-one in toluene proved very difficult to separate, 
even using low pressure liquid chromatography. Chromatography on 
silica resulted in rearrangement of the norcaradienes to the corres-
ponding 2-arylacenaphthen-1-ones (see later) and chromatography on 
3--)' 
active alumina also resulted in partial rearrangement. These nor-
caradienes could only be separated by repeated chromatography on 
alumina which had been deactivated with water in the manner described 
in the appendix to the experimental section. Further purification of 
these compounds was not achieved since they rearranged very readily 
on attempted recrystallisation. Suitable analytical data were not 
obtained for these compounds and their structures were assigned on 
the basis of accurate mass spectral data, their proton n. m. r. spectra 
and their infrared spectra. 
Photolysis of (50) in -xylene gave a single norcaradiene product 
(183c), as reported by Cadogan and his co-workers. 
115 
 Rather sur-
prisingly, this compound was less susceptible to rearrangement than 
the monomethyl norc aradiene s described above, and was readily charac-
tensed on the basis of its analytical and spectral properties. 
Again these photolyses gave no products with substituents at 
the 1 1 /6' positions. The n. m. r. spectra of the norcaradienes which 
were obtained are discussed in section A. 4. 
The 2-arylacenaphthen-1-ones (184a-g), which were the major 
products obtained from the photolyses of (50) in rn-xylene, mesitylene, 
anisole and 1, 3-dimethoxy benzene, were all readily characterised. 
The pairs of isomers obtained from the photolyses in m-xylene, anisole 
and 1, 3-dirnethoxybenzene were separated easily using low pressure 
chromatography and satisfactory elemental analyses for all these 
compounds were obtained after recrystallisation. The major product 
from the photolysis of (50) in mesitylene,2-(2 1 ,4 1 , 61_tr ime thylphenyl)_ 
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the compound described by Miller and Curtin. 
223 
 The infrared and 
proton n. m. r. spectra were, again, indispensible for the assignment 
of structures. The infrared spectra all showed strong carbonyl 
stretches at between 1705 and 1.725 cm 	slightly higher 
than the frequencies observed for norcaradiene species. This suggests 
the five-membered rings of the arylacenaphthen-1 -one s are slightly 
more strained than the corresponding rings of the norcaradiene species. 235 
The ' H n. m. r. spectra of these compounds had characteristic 
one proton singlets at between 6 4. 8 and 5. 5 due to the methine protons 
at C 2. The position of these singlets and the changes observed in the 
spectra on varying the temperature were, extremely helpful in assigning 
the positions of the substituents on the phenyl ring. The variable 
temperature n. m. r. studies on these compounds are discussed in greater 
detail in section B. 3. 
From the pattern of substitution in the aryl groups of the products 
isolated, it is clear that these "insertion)' products in fact arise via re-
arrangement of norcaradienes which are formed initially. The photolyses 
in rn-xylene and 1, 3 -dime thoxybenzene yield only the 2 1 , 4 1 - and 2 1 , 6'- 
and not the 3 1 ,5Ldisubstituted products. Similarly, photolysis in anisole 
yields only the 2 1 - and 4'-substituted products and not the 3'-derivative. 
These observations suggest that, after addition of the 1, 2-oxocarbene 
to the solvent, rearrangement occurs via an ionic mechanism, as 
shown in scheme 52 for the formation of (184d) from the initially 
formed norcaradiene (185). This can be compared with the mechanism 
207 
proposed by Dewar 	for the formation of hydroxybiphenyls on ther- 
molysis of benzene-1, 4- diazooxide s in aromatic solvents (scheme 41, 
page 72). A similar sequence of reactions has recently been proposed 
Pt-r 	Ph 
(187) 
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Scheme 53 
It 
by Shechter 236 for the formation of 3-aryl-2,5-diphenylpyrroles on 
thermal or photolytic decomposition of 3-diazo-2, 5-diphenylpyrrole 
(187) in aromatic solvents bearing electron releasing substituents. 
Decomposition in benzene or solvents bearing electron withdrawing 
groups give rise to products of ring expansion of the intermediate nor-
caradiene species. These reactions are shown in scheme 53. 
As well as explaining the effect of the substituents on the 
direction of opening of the three-membered rings of the intermediate 
norcaradiene s, the mechanism shown in scheme 52 also serves to explain 
why norcaradienes are isolated in some cases and not in others. Clearly, 
the less the electron-donating ability of the substituents on the benzene 
ring of the starting solvent, the higher the energy of the charged 
transition state or intermediate such as (186) will be, and the slower 
the rearrangement. It would appear that, for this particular system, 
the presence of at least two alkyl groups, whose electronic effects 
reinforce one another, or a single alkoxy sub stituent, is sufficient for. 
this rearrangement to occur so quickly at room temperature that it is 
impossible, under the conditions employed for these reactions and 
their work-up, to isolate the norcaradiene species formed initially. 
In all the other cases cited above, elevated temperatures or the presence 
of catalysts are necessary for rearrangement of the norcaradienes to 
occur, as will be described later. 
The isolation of formal insertion products with sub stituents in 
both the 2'- and 6'-positions (184b,c and g) is interesting. 	These are 
unlikely to be true insertion products, since none of the other formal 
insertion products appear to arise in that manner. If they are produced 
via rearrangement of norcaradiene species, then the norcaradienes 
154 
involved would require to have substituents in their 1 '-positions. The 
fact that no such products are isolated in the cases where stable 
norcaradienes are formed would appear to miJ.i4ate against this route 
to these particular "insertion" products. The possibility that 1'- 
substituted norcaradienes are formed in all cases, and always rearrange 
to the corresponding arylacenaphthenones may also be dismissed, since 
no formal insertion products were detected in the reactions yielding 
stable norcaradiene products. 
The most likely explanation for these apparent inconsistencies 
is that l'-substituted norcaradienes are formed in all cases, but that 
these are thermally unstable, rearranging either to arylacenaphthenone 
derivatives, or to more stable norcaradienes, via  Berson-Willcott 
process, 
211 
 the mode of rearrangement being dependent on the nature 
of the substituents present. These steps are outlined in scheme 54. 
Both these processes have been found to occur at elevated temperatures 
for a number of 2 1 - and 3 1 -substituted norcaradiene derivatives which 
are stable at room temperature (see later). The instability of the 
 
Scheme 5 
proposed 1'-substituted intermediates maybe attributed to steric 
crowding in the three-membered ring. 
In addition to the products already mentioned, the photolyses in 
rn-xylene and 1, 3-diniethoxybenzene gave the product of hydrogen 
abstraction by the carbene, namely acenaphthen-l.-one (188), in 6 and 
6. 5% yield respectively. This compound was identified on the basis of 
11•1•11 
its spectra and by comparison with a sample of authentic material. 
The probable manner in which this material is formed is through 
successive abstraction of hydrogen from the methyl groups of the 
solvents by a triplet carbene species. This process should give rise 
to solvent-derived radicals which would be expected to dimerise. 237 
The expected dimer s, 3, 3' -di.methylbibenzyl and 1, 2-bis(3 -methoxy-
phenoxy)eth.ane were not detected, however. The reason for this is 
unclear. No acenaphthenone formation was detected in the photolyses 
in toluene, 2-xylene and mesitylene. In the latter case, the photolysate 
was examined using conventional chromatographic techniques (as 
opposed to low pressure liquid chromatography in conjunction with a 
sensitive ultra-violet detector\ so that the small quantity of acenaph-
then- 1-one which may have been formed could easily have escaped 
detection. The fact that acenaphthen-l-one formation was observed 
only in the photolyses in meta- di sub stituted solvents might indicate that 
* 
8 , 0 	7.0 	 &o 	5.0 	 3.0 	2:0 
Ejg : 220MHz 1 H N.m.r. spectrum of (95) 	(*impurity) 
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the triplet carbene abstracts both hydrogens from the two (relatively 
close) alkyl groups of a single solvent molecule, the resulting diradical 
specie sreactingto give polymeric materials. A closer examination 
of the products formed and investigation of the ph.otolyses of 2-dia.zo-
acenaphthen-1-one in other alkyl and alkoxybenzene derivatives, in 
the presence and absence of triplet sensitizers, would undoubtedly shed 
more light on the mechanism of this side reaction. 
4. 	Nuclear magnetic resonance spectra of adducts obtained on photolysis 
of 2-diazoacenaphthen- 1 -one in aromatic solvents. As mentioned in the 
previous sections, the n. m. r. spectra of the products obtained on 
photolysis of (50) in aromatic solvents were indispensible for the 
assignment of structures, particularly in the case of the norcaradiene 
products obtained. 
a) 	(1 1 a, 6 1 a., 7')-Spiro(acenaphthene-1, 7 1 norcara2 1 , 4 1 -dien)- 
2-one (95). The 1 H n. m. r. spectrum of this compound was recorded 
at a frequency of 220MHz (figure 2) in order to simplify the interpretation 
of the spectrum. The portions of the spectrum due to the norcaradiene 
and acenaphthenone ring systems may be considered independently. 
The portion due to the norcaradiene consists of three groups of 
signals, at 6 3. 31, 6.48 and between 5 6. 22 and 6. 12, each of which 
integrates for 2 protons. The signals at 5 3.31 are due to the two 
protons on the three-membered ring, H 1 , and H61 . The position of 
these signals is typical for norcaradiene species. 11Za,116, 162, 178,179, 
11 8-1-5,11
S9,192-4,205 The signals at 5 6.48 and 6.- ?-?,-6. 12 are due to 
the remaining four protons. The splitting pattern for all three groups 
J1L WAiL 
Eig.?.k Fig 3a 
Fig.3; 220MHz H N.m.r spectrum of (95): a-olefinic protons 6.52-612 i)non-decoupled spectrum; 
ii) irradiated at 63.31. 	b-aromatic protons 56.00-6.90 i)non-decoupled spectrum; ii)irradiated 
at 66.91. 
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of signals is rather complex, the system being best regarded as an 
AA'MM'XX' system. The signals at 6 6. 22-6. 12 exhibit the most 
complicated splitting pattern, suggesting that they are due to the protons 
and H 51 . This was confirmed by irradiating the spectrum at the 
centre of the multiplet at 8 3. 31. The splitting pattern of the group of 
signals at 6 6.48 (due to H 3 , and H41 ) was only slightly affected whilst 
the complex pattern at 6 6. 22-6. 12 collapsed to a pattern of four strong lines, 
with some indication of other small splittings (figure 3a). A detailed 
interpretation of the coupling constants for this system was not under- 
taken because of the complexity of the spectrum and the fact that it was 
suspected that small side peaks were not detectable above the baseline 
noise. 
The acenaphthenone portion of the spectrum consists of three 
groups of signals between 6 7. 99 and 7. 36, integrating for 5 protons in 
total, and a one proton doublet (J=7Hz), shifted upfield from the normal 
aromatic region, at 6 6. 91. This signal was assigned to H 8. The up-
field shift was attributed to the shielding effect of the norcaradiene ring 
system, the presence of this effect in turn indicating that the six- 
m embered ring of the norcaradiene is exo to the carbonyl function and 
that the compound is the Pa., 6'a, 7'-spiro(acenaphthene-1, 7 1 -norcara-. 
2',4'-dien)-2--One (176a), rather thanthe l'a,6 1 a,7 1 a-isomer (176b). 
The assignment of the remaining resonances to the other 5 protons 
was simplified by irradiation of the doublet at 6 6. 91 (see figure 3b). 
A group of four lines at 6 7. 38, integrating for a single proton, collapsed 
to a doublet, (J8. 5Hz) indicating that it was due to H 7. A group of six 
lines centred on 5 7. 64 (integral 2 protons) was interpreted as being an 
_1 	p2 
Z 	3' 	41 	51 	 a 	 b Cpd 	R R R R 6 (p. p. m. from T. M. S.) 
C=o 
H H H H H 	H 	H 	-1 
	
8 	1' 	6 	2' 	5' 4' 3' (cm 
(95) .H 	H 	H 	H 	6. 91 	3.31 [6. 22-6. 12] 	6.48 	1695 
(17&) CF3 H H H 6.77 3. 28 - 	[6. 62-6.201 6. 89 1705 
b H CF  H 1-1 6.72 3.22 6.65 	6.34 	6. 56 - 1705 
c Cl H H H 6.89 3.28 - 	6. 08 	6.50 6.34 1710 
d H Cl H H 6.85 3. 25 6.20 	.6.42 - 1695 
e CN H H H 6. 77 3.25 .  - 	[6. 69-6. 39] 7. 08 1710 
£ H CN H H 6.78 3.25 6.85 	6.30 	6.53 - 1700 
g CF  H CF  H 6. 67 3. 26 - 	6.84. 	- 7. 02 1705 
h Cl H Cl H 6.83 3. 22 - 	6. 02 	- 6.50 1710 
(183a) CH3 H H H 6. 88 3. 11 3. 25 	- 6. 00 6.41 	6. 23 	1695 
b H Cl-I3 H H 6.69 3.24 	5.89 	6.13 6.33 	- 	1695 
c CH  H H Cl-I3 
 
6.84 3. 09 	- 	- 6.13 	1698 
Table 1 Spectral data for (l'a,6'a,7')-spiro(acenaphtiiene._l,7 1 _ 
norcara-2 1 , 4'-dien)-2-ones. 
a Spectra recorded using solutions in CDC1 3 . 
b Spectra recorded using nujol mulls. 
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overlapping doublet (J=8.5Hz) and doublet of doublets (J7 and 8Hz) due 
to H6 and H4  respectively. The remaining apparent triplet at 6 7. 96 is 
in fact two overlapping doublets; with slightly different coupling constants 
(J=7 and 8Hz), due to H 3  and H. The occurrence of the latter resonances 
at low field is due to the electron-withdrawing effect of the carbonyl 
group at C 2 . 
The 13C n. m. r. spectrum of this compound was also examined. 
This confirmed the assigned structure. The. single resonance due to C 11 
and C 6 , occurs at 6 42 and that due to C 7 , at 6 23, these values being 
d 193c e, 	, typical of norcaradiene systems. 182b, The resonance due to 
the carbonyl carbon occurs at 6 205, the remaining aromatic and olefinic 
carbon resonances occurring between 6 136 and 120. 
b) 	Substituted (l'a,6'a, 7 1 )-spiro(acenaphthene-1, 7 1 -norcara-2 1 ,4 1 -.. 
dien)-2-ones. The 1 H n. m. r. spectra of the cther.norcaradienes obtained 
were, as expected, similar to the unsubstituted case. All had resonances 
between ca.6 3. 3 and 3. 1 for the 1'- and 6 1 -protons, and between ca.6 6.7 
and 6. 9 for the protons on C 8 , indicating that all the compounds had the 
same (1 'a, &'a,7'3)-spiro(acenaphthene_l, 7'-norcara-2', 4'-dien)-Z-one 
skeleton. The positions of the resonances for the protons on C 1 ,-C 6 , 
and C 8 for all these compounds are summarised in table 1. The 
resonances due to the remaining protons showed little variety between 
the different compounds, always occurring between ca.6 8. 1 and 7. 2. The 
n. m. r. spectra were very useful in distinguishing between different 
positional isomers, the different substitution patterns giving rise to 
characteristic splitting patterns in the n. m. r. The most important 
features of these spectra are discussed below. 




Eig.: 100MHz 1 H Nmr. spectrum of (183o). 
Inset:Expcinsion of signaLs at 53.343.07. 
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(1) (].'a, 6 1 a, 7'p)_Z', 5'-dimethylspiro(acenaphthene-1, 7'-nor-
cara-2 1 , 4'-dien)-2-one (183c). This compound was the only example 
of a 2', 5 1 -disubstituted derivative obtained. Not surprisingly it gave 
the simplest spectrum of all the norcaradienes, the signals due to the 
methyl groups, the 1'/6' protons and the 3 1 /4' protons appearing as 
singlets at 6 1. 82, 3. 09 and 6. 13 respectively. The spectrum owes its 
simplicity to the lack of significant coupling between the protons on the 
three-membered ring and the olefinic protons of the norcaradiene system. 
Any such coupling would have rendered the chemically equivalent protons 
magnetically non-equivalent, resulting in a more complex spectrum. 
(ii) (Pa, 6 1 a, 7t)_2I_monosubstituted spiro(acenaphthene-1, 7?-
norcara-2 1 , 4'-dien)-Z-ones. The spectra of these compounds have a 
number of features in common, the most striking being the occurrence of 
asymmetrical multiplets between ca. 6 3. 1 and 3. 3. The nature of the 
splitting in these multiplets is unclear in most cases, but is easily 
discernable for the Z'-methyl derivative (183a). The spectrum of this 
compound (figure 4) is otherwise typical of these compounds, and it alone 
will be discussed in detail. The signal due to the methyl group occurs 
at 6 1. 88, very close to the value obtained for the methyl groups of the 
dimethyl derivative (183c). The signals due to the protons on C 
C 6 , appear as a six line multiplet centred an 6 3. 18. This may be 
interpreted as the AB portion of an ABX system in which 
The signal due to the P-proton (B) is a doublet 	
B8' 	
at 6 3.11 and 
that due to the 6'-proton (A) a doublet of doublets (J 11 618Hz, T 51 615Hz) 
at 6 3. 25. H5 , also gives rise to a doublet of doublets (j5, 6' 
J4151 =9Hz), as does the 4'-proton (J 314 , 	 5 , 6Hz, J 4 ,=9Hz). The 
I 	I 
(183b) 
5 	8.0 	70 	6.0 	5.0 	4.0 	3.0 	2.0 
Fig: 100MHz 1 H N.m.r. spectrum of (183b). 
Insets: Expansions of signals at 53.24 and 2.04. 
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Positions of these signals are 8 6. 00 and 6 6.41 respectively. The 
signal due to H3 , appears at - 6 6. 23 as a doublet (J3141 6Hz), broadened 
by long range coupling to the methyl group protons. Irradiation of the 
signal due to the methyl group protons results in marked sharpening of 
this doublet, and also some sharpening of the doublet of doublets due 
to H51 . 
The spectra of the other 2'-substituted compounds all exhibit 
similar signals and splitting patterns, the different chemical shifts 
being attributable to the electronic influences of the substituent. For 
example, the powerfully electron withdrawing trifluorornethyl and cyano 
groups deshield the adjacent protons to such an extent that the signals 
due to them appear at 6 6. 89 and 6 7. 08 respectively, these values being 
at lower field than the resonances due to the protons on C 8 of these 
compounds, which occur at 6 6. 77 in both cases. The signals due to the 
and 5 1 -protons of the Z'-trifluoromethyl derivative (178a) 
were all broadened to some, extent by coupling to 19F, the broadening 
being greatest for the 3 1 -proton signal and least for H 41. The 19F 
ni m. r. spectrum of this compound showed a broadened doublet (J, 
1. 3Hz) centred on -68. 3 p. p. m. The splitting was attributed to coupling 
between H3 , and the trifluoromethylfluorines. 
(iii) (1 'a, 6. 1 a., 7 1 p)-3 '-mnonosubstituted spiro(acenaphthene-1, 7 1 -
norcara-2 1 , 4-dien)-2-ones. Again all of these compounds exhibit 
similar 1 1-1. n. i-n. r. spectra. 	The spectra are almost as complex as in 
the unsubstituted case and only the spectrum of the 3 1 -methyl derivative 
(183b), shown in figure 5, will be discussed in detail. Again the out-
standing characteristic feature of each of these spectra is the resonance 
due to the 176'-protons which appears between ca.6 3. 3 and 3.2. The 
A .) A 
splitting pattern of these signals is similar to that observed for the 
unsubstituted case, that is four strong lines with satellites which may 
or may not be detectable. In some cases, including the 3'-methyl 
derivative, the two central lines overlap and appear as a single broad 
line. In view of the complexity of the splitting pattern and the fact 
that weak outer lines were not always detectable, no attempt was made 
at assigning coupling constants between the 1 1 /6' and other protons for 
any of these systems. The remaining resonances due to the norcaradiene 
ring system of (183b) are assigned fairly easily. The signal due to the 
methyl group protons appears as a doublet (J1. 5Hz) at 5 2. 04. The 
splitting is due to coupling with the Z'-proton, the signal for which 
appears as a finely split xmltiplet at 5 5. 89. Irradiation of this signal 
causes the doublet at 5 2. 04 to collapse to a single line. The resonance 
due to the 4t-proton appears as a doublet (J 4 , 5 ,=101-Iz), with further 
fine splitting, at 5 6. 33.. Irradiation of this signal did not have a notice-
able effect on the signals due to the P/6' or methyl protons, indicating 
that the fine splitting (J<lHz) was due to coupling with the 2'-proton. 
Irradiation at 5 5. 89 confirmed this. The remaining, signal, at 5 6. 13, 
due to the 5'-proton, was split by coupling to the 4-proton (J1OHz), further 
fine splitting being due to coupling to the 1 1 /6 1 , and Z'-protons. 
Again the spectra due to the other 3 1 -substituted norcaradienes 
isolated were very similar, differences in chemical shift values of corres-
ponding protons being attributable to the influences of the substituents 
present. 
The 3'-trifluoromethyl derivative (178b) gives a spectrum which 
is further complicated by coupling to the fluorine atoms. The proton 
n. m. r. spectrum suggested that the coupling was greatest to the 2'- and 
~47~ - - - - - - -- 
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S'-protons, which gave rise to multiplets centred on 6 6. 65 and 6. 34 
19 
respectively. The F spectrum consisted of a single triplet (Jl. 5Hz) 
centred on -67 p. p. m. , suggesting that the fluorine atoms were coupled 
equally to the 2'- and 5 1 .-protons. There was also some evidence of 
weaker side bands arising from coupling to the other protons of the 
norcaradiene ring. 
(iv) (1'a,61a, 71 P)-21 , 4 ' - disubstituted spiro(acenaphthene-1, 7 1 -
norcara-2 1 , 4 1 -dien)-2-ones. The n. m. r. spectra of the norcaradienes 
obtained on photolysis of Z-diazoacenaphthen-l-one in rn-dichloro and 
rn-bis(trifluoromethyl)benzenes, not surprisingly, have a number of 
features in common. The spectrum of the dichioro derivative (178h) is 
shown in figure 6. The signals due to the protons on the three membered 
rings appear, in both cases, as asymmetrical multiplets, centred on 
6 3. 22 in the case of (178h) and 6 3. 26 for the bis(trifluorornethyl) 
detivative (173g). The splitting pattern of these multiplets is very 
similar to that observed for 2 1 -substituted derivatives (see above). This 
observation confirms the absence of significant couplings between the 1 1 /6' - 
and 3 1 /4 1 -protons of either of these types of compounds. 
The 3'- and 5 1 -protons of both (178g and h) appear as broadened 
singlets and symmetrical multiplets (also broadened in the case of (178g)) 
respectively. In the dichioro-compound, the broadening of the signal 
due to the 3'-proton, which appears at 6 6. 50, is due to coupling with 
the 5'-proton. The rather complex signal, centred on 6 6. 02, due to 
th.e S'-proton, simplifies to a doublet of doublets (351 6,=4HZ, J,, 
0 5 1 
 
1.5Hz) on irradiation at 6 6. 50. 
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In the spectrum of (178g), the broadening of these signals is 
due to coupling between these protons and the fluorine atoms, as well 
as coupling between protons. Decoupling of the fluorines by irradiation 
at 94. 1 MHz results in some sharpening of the spectrum, the signal 
due to the 3 1 -proton, at 6 7. 02, appearing as a broadened singlet and 
that due to the 5 1 -proton, at 6 6. 84, as a broadened doublet 
(is , 61 =ca.5Hz), with further fine splitting. The proton decoupled 
19F spectrum shows two lines at -66. 8 and -68. 5 p. p. m. from CC1 3 F. 
In the non-decoupled spectrum these lines are broad. Expansion of 
the spectrum indicated that both sets of lines may be interpreted as 
being doublets of doublets, the approximate values of the coupling con- 
stants for the resonance at -66. 8 p. p. m. being 0. 7 and 1. 0Hz, and those 
for the resonance at -68. 5 p.p. m. , 0. 25 and 1. 25Hz. On simultaneous 
irradi at; onof the 9 F resonance at -66. 8 p. p. m. and the 1 H resonance 
at 6 3. 26, the- H resonances at 6 7. 02 and 6 6. 84 appear as a slightly 
broadened singlet and a quartet (Jc.l. 2Hz) respectively. Irradiation 
at -68. 5 p. p. m. and 83. 26 gave an almost identical 1 H spectrum, the 
value of the coupling constant for the quartet at 6 6. 84 being reduced 
slightly, to approximately 1. 0Hz. It would appear, therefore, that both 
H3 , and H 5 , are coupled to the fluorines of both trifluoromethyl groups, 
the couplings due to H 5 , being larger than those due to H 31. These 
experiments do not,however, allow assignment of the 19F resonances 
19 
to the individual trifluoromethyl groups. Comparison with the F 
n. nn. r. spectra of the monosubstituted trifluoromethyl groups suggests 
that the resonance at -66. 8 p. p. m. is due to the 4'-trifluoromethyl group 






(6 6.84) 	(6 7. 02) 
Fa (6-68.5) 	1.25 	0.25 
F  (6-66.8) 	1.0 	 0.7 
Table 2: Magnitude (Hz) of JHF  for (lT ct ,6t a ,7tf3)_21,4_ 
bis(trifluor ornethyl)spir o(ac enaphthene -1, 7 1 -
norcara-2 1 ,4 1 -dien)-2-one (178 g). 
A JX 
assignment is correct, then the coupling constants described above 
may be assigned as in table 2. The value of 1. 25Hz for a six-bond  1 H- 
19 	 238 
F coupling constant is not unprecedented. 
The 13C n. m. r. spectrum of (1 78g) was also examined. The 
resonances due to C 1 , and C 5 , occur at 6 34.4 and 36. 7 respectively, 
the former line being broadened by coupling to fluorine. The resonances 
due to C, and the carbonyl carbon occur at 6 21.3 and 202. 0, similar to 
the values obtained for the unsubstituted compound (see before). 
c) 	1', 2', 3 1 , 4', 5', 6 '-Hexafluorospiro(acenaphthene_1,7 1 _cyclohepta_ 
1 1 , 3', 5'-trien)-2-one (182). The n. m. r. spectra of this compound are 
very complex. They were found to be markedly solvent dependent, 
though not obviously temperature dependent. The H n. m r. spectrum, obtaini 
using CDC13 as solvent, shows two distinct complex groups of signals 
centred on 6 8. 08 and 5 7. 68 integrating for equal numbers of protons, 
tentatively assigned to H35 and H6_8 respectively. The most notable 
feature of this spectrum is a slightly broadened doublet at 5 7. 58 which 
was tentatively assigned to the 8--proton. The fact that this resonance 
does not occur at higher field indicates that this compound does not 
have a norcaradiene structure. The slight broadening may be due to 
through space coupling to the fluorine atoms on the cycloheptatriene 
ring. 
The 1 H n. m. r. spectrum of this compound in d6 -benzene again 
shows two complex groups of signals, centred on 6 7. 43 and 5 7. 05, the 
low field group having a similar splitting pattern to the lowfield group 
of the spectrum in CDC1 3 , indicating that it is probably due to protons 
H35. The high field group has a different splitting pattern from that 
in the CDC1 3 spectrum, with no evidence of broadening and no clear 
doublet due to the 8--proton. Some slight shifts of peaks were observed 
at temperatures lower than room temperature, but the causes of these 
shifts were unclear. Some of the signals started to broaden at 
temperatures near 0 °C, but it was unclear whether this was due to a 
conformational effect, or simply due to the solvent.becoming viscous 
as it approached its freezing point. 
The origins of the differences in these spectra are unclear. 
It seems plausible, however, that they arise from different conforma-
tions of the molecule. The slight broadening observed in the CDC1 3 
spectrum might indicate that the cycloheptatriene ring is in the boat 
conformation with the carbonyl group exo to the seven -membered ring 
(189a), this conformation  permitting through... space interactions between 
H8 and the fluorine atoms, F 3 and F41 . In the less polar solvent the 
conformation with the carbonyl function endo to the seven membered 
ring (189b) may predominate, or a fast ring inversion process 
(scheme 55) may operate. 
 
i( 





R R' F 116 
p. p. m. 
F25 
from CC1 3 F 
F34 Ref 
a) CF3 CF  -126 -149.5 -143.5 198a 
b) H CO2Et -110 -155 -149 198a 
c) -CICH-CHCH- -110 -151 -145 198b 
d) H H -113 -156 -146 198c 
Table 3: 19F n. m. r. spectra of hexafluorocycloheptatriene 
derivatives (190) 
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The 19 F n. Al' r. spectrum is only slightly easier to interpret. 
A well-resolved spectrum could not be obtained using CDC1 3 as 
solvent. The reasons for this are unclear. The spectrum of ad 6-
benzene solution shows two fairly sharp groups of signals at -116 and 
-151 p. p.m. from CC1 3 F. Expansion of the signals showed that both 
had extremely complicated splitting patterns. By comparison with 
the spectra of known hexafluorocycloheptatriene derivatives (table 3), 
the signals were assigned to the 1' and 6' fluorines and the 2'-5 1 -
fluorines respectively. An attempt to integrate the 19 F (Fourier 
Transform) spectrum gave a ratio of 11:18. The deviation from a 
ratio of 1:2 was thought to be due to differences in the relaxation times 
of the different nuclei, caused by the different mobilities of these atoms. 
It can be seen from table 3 that the signals due to the 2/5- and 
3/4-fluorine atoms are normally readily distinguishable. The reason 
for their equivalence in the spectrum of (182) is not clear. The 
possibility that the compound had a structure other than that shown was 
dismissed. A norcaradiene structure would require a signal at very 
much higher field for the fluorines on the three-membered ring 1 98b 
A bicyclo{3.. 2. 01hexa-2 1 , 6'-diene structure would be expected to give 
a spectrum similar to that for (191) 198a which shows. 3 groups of signals 
(191) 
atca.-123, -145 and -179 p.p.m. 
167 
The product of formal insertion into a C-F bond (192) would 
give a vastly different spectrum. Two groups of signals would be 
expected in the ratio 1:5. The five-fluorine, group signal would be 
('IL) - 
expected to be further resolved into groups due to the orthp, meta and 
para fluorine atoms. The resonances due to the meta and para fluorines 
would occur around -150 - - 160 p. p. 
m. 238 
The remaining possibility, the bicyclo[2. 2. 1jhexa-2 1 , 5 1 -diene 
derivative (193) would be expected to give nearly equivalent signals 
for the 2 1 , 3, 5 1  - and 6 '-flu or ine s, but the aliphatic 1' and 4'-fluorines 
would again be expected to occur at high field. 239 
(193) 
That the structure shown for (182) is correct is supported by 
19 	 13 
its 	F decoupled C n.m. r. spectra. 
The non-decoupled spectrum of (182) shows sharp, fairly 
intense lines between 6 136 and 121, due to the aromatic acenaphthenone 
ring carbons. Broad band 19F decoupling resulted in an increase in 
168 
the intensity of broad lines at 6 143 and 138 (relative intensity ca. 1:2), 
as well as small signals at 6 192 and 56. 5. Difference spectra were 
recorded so that only the signals due to the atoms coupled to fluorine 
were displayed, thus simplifying interpretation. Selective irradiation 
of - the 19F spectrum at -151 p.  p.m. resulted in the signal at 6 143 being 
split into a doublet of doublets (JCF=ZZ5Hz,  4Hz) and sharpening of the 
signal at 6 138,-this line also showing evidence of slight coupling 
.(J=19Hz, 8.5Hz). Irradiation at -116 p.  p.m. left the signal at 6143 a.s 
a broad mu.ltiplet, the signal at 6 138 showing a large splitting of ca.ZOOHz 
and a - number of smaller splittings. This spectrum also showed sharpening 
of the lines at 6 192 and 56. 5. 
These observations indicate that the signal at 6 143 is due to the 
l'- and 6'-c -arbon-s which are coupled strongly to the 1'- and 6'fluoriñes. 
Similarly the signals at 6 138 are due to the 2 1 - 5 1 -carbons which, in 
turn, are strongly coupled to the 2'5'fluorines. The individual 
fluorine atoms are also coupled to all the other carbons round the ring, 
the smallest discernable coupling of 4Hz being between the 1 '/6'-cabons 
and the 6'/1 1 -flüorines. It also appears that some coupling occurs 
between the 1'/6'-fluorines and the 7'-carbon (at 6 56.5) and the carbonyl 
carbon (at-6 192). The position of the resonance due to the 7'-carbon 
is characteristic of the cycloheptatriene structure, the corresponding 
resonance for (190c) occurring at 6 54.4. 193d 
5. 	Photolysis of 2-diazoacenaphthen- 1 -one in pyridine. It was 
thou ht that the addition or insertion reactions observed on photolysis 
OIL 2-diazoacenaphthen-l-one in benzene derivatives might also occur in 
heteroaromatic solvents. The only experiment in which this idea was 
169 
tested was the photolysis of 2-diazoacenaphthen-1-one in pyridine. 
In contrast to the reactions already described, no product of 
carbene attack on the solvent was obtained in this case. Instead, the 
major product arose via formal attack of the .carbene on the starting 
material itself to give the azine (194), which precipitated out of the reaction 
mixture, in 71% yield. The insolubility of this compound made it 
impossible to obtain a useful n. rn. r. spectrum, and its structure was 
assigned on the basis of I. R. and mass spectral data and comparison of 
its melting point with literature values. 48 
Although the decomposition of diazo compounds to give azines is 
48, 85b, 145 
not unprecedented, 	 it usually occurs as a side reaction, yields 
generally being low. In this particular case, a highly reactive carbene,. 
one capable of adding to benzene, is being formed in the presence of large 
amounts of solvent. It would therefore not be expected to exist long enough 
to diffuse to and collide with a molecule of starting material, before any 
other reaction could occur. . That this apparently occurs, maybe explained 
in one of two possible ways. 
The first, that photolysis of the diazo compound in pyridine gives 
rise to a less active form of the carbene, seems unlikely, since photolysis 
of the diazo compound in a 4:1 mixture of pyridine and benzene gave both 
azine and norcaradiene formation.. A more attractive explanation is that 
the carbene reacts with the pyridine to give a second. intermediate which 
can revert to the carbene and pyridine, thus effectively prolonging the life-
time of the car bene. The most likely candidate for such a role is the 
ylide (195). Either the carbene could exist in equilibrium with the ylide, 
















carbene eventually reacted with the starting material (scheme 56); or, 
more likely, the azine might be formed via reaction of the starting 
diazoketone with the ylide itself (scheme 57). A similar mechanism has 
been proposed for the thermal decomposition of 9-diazofluorene, in the presenc 
of pyridine, to give fluorenone ketazine. 240 
L '- 	.-.-.-. 	j 
(19k) 
Scheme 56 
The reported thermal decomposition of ac enaphthenequinone 
monotosyihydrazone in pyridine to give (l94)8  may be interpreted as 
occurring in a similar manner to that described above. 
In orderto obtain direct evidence in support of the ylide mechanism 
shown, it would probably be necessary to use a technique such as flash 
photolysis. Possibly, however, stable ylides analogous to (195) could 
be obtained by the thermolysis of 2-diazoacenaphthen-l-one in the presence 
of suitable nitrogen heterocycles, cf. 	the reaction of ethyl diazoacetate 
with isoquinoline. 
133
Photolysis of such an ylide in benzene would be 
171 
expected to give the norcaradiene species (95) (cf. photolysis of (196) 
in benzene 241 ), and would thus provide indirect evidence for the 





B. 	Rearrangement reactions of spiro(acenaphthie-1, 7 1 -norcara- 
2',4 1 -diert)-2-ones. 
The spi±:o(acenaphthene  -1, 7' -norc ara-2 1 , 4 1 _dien)_2_ one derivatives 
described by Cadogan and his co-workers 
115
were reported to undergo 
rearrangement to 2-ar ylac enaphthen- 1 - one derivatives under the influence 
of heat, .ac.id or silver (I) ion. 
115 
 At the time of that report, neither 
the, methyl norcaradiene derivatives described (183a and b) nor the 
products -of their rearrangement had been separated. 
217 
 The complex 
nature of. the n. m. r. spectra of the product mixtures obtained precluded 
assignment of structures to the components of these mixtures, and 
consequently information on the direction of opening of the three membered 
ring, and hence the mechanisms of these reactions, was not available. 
These reactions have now been examined for a number of the 
norcaradiene derivatives described in section A, including the unsymmetri-




Reactant 	Product 	R 1 
	
R 2 R 3 R 4%  Yield 
(95) (197 a) 	H H H H 89 
(183c) b 	CH  H H CH3 93 
(178g) c 	C F 
3 
 H C F 
3 
 H 89 
(178a) d 	C F 
3 
 H H H 70 
(178b) d 	H H C F 
3 
 H 93 
(183b) e 	H C H 
3 
 H H ) 89 
(183a) £ 	H H H C H 3 
Scheme 58 
I ( 
of which have provided information concerning the mechanisms of.these 
reactions. 
I. 	Thermal and acid-catalysed rearrangements of spiro(acenaphthene- 
1, 7 1 -norcara-2 1 ,4 1 -dien)-2-ones. The thermal rearrangements of spiro-
(ac enaphthene—1, 7 '-norc ara-2 ', 4' -dien)-2-one derivatives were achieved 
by heating solutions of the compounds in xylene or toluene under reflux 
-for extended periods. The results of these reactions are summarised 
in scheme 58. The products were assigned the structures shown on 
the basis of spectral and (where necessary) analytical data, except for 
(19 7e). This compound could not be obtained in a crystalline form and 
dec -omposed on all attempts to purify it. The manner of this decom-
position was unclear,. but was thought to be mainly due to oxidation, of 
the compound-. Its structure is based solely on its spectral characteristics 
and accurate mass measurements. 2-Phenylacenaphthen-1-one (197a) 
-was a.known compound 
216 
 and was identified on the basis of its spectra 
and by comparison of its melting point with literature values. 216 
The nm. r. and I. R. spectra of these compounds were similar 
to those obtained for the Z-arylacenaphthen-l-ones described earlier. 
All the I. R. spectra showed strong carbonyl stretches between 1.715 
and 1720 cm- 
I 
 and the n. m. r. spectra all had the characteristic one proton 
singlets at between 8 4. 8 and 5. 2 due to the C 2 methine protons. The 
n. m. r, spectra of these compounds in general, and those with sub-
stituents at the 2'/6'-positions in particular are discussed in a later 
section. 
It can be seen that the symmetrical norcaradiene derivatives (95) 
1 73 
and (183c), can give rise to only a single possible aromatic product. 
In contrast the three membered ring of unsymmetrical derivatives can 
open in one or both of two possible directions. The direction of ring 
opening might be expected to distinguish between an ionic mechanism 
for this reaction, like that postulated in scheme 52, or a radical 
mechanism, like that described by Ciganek 18 for the ring opening 
of 7- substituted norc aradiene s. 
The thermal rearrangement of the 2 1 , 4 1 -bis(trifluoroniethyl)-
derivative (178g) gave only 2-(3 1 , 5 '-bi s(trilluor omethyl)phenyl)ac enaph-
then-l-one (197c) which, because of the electron withdrawing effect of 
the substituents, would tend to support the ionic mechanism. It might 
be argued, however, that the 2 1 ,4 1 _bis(trifluoromethyl)phenyl derivative 
would be steric ally crowded and that the 3 1 , 5'-disubstituted compound 
would still be the preferred product, even if a radical mechanism 
operated. 
Both the 2 1 - and 3 1 -trifluoromethyl norcaradiene derivatives 
(178a and b) give rise to the same product, namely 2_(3 1 _trifluoromethyl-
phenyl)acenaphthen-1-one (197d). Again this is consistent with the 
ionic mechanism, but the fact that these two norcaradienes exist in 
equilibrium with one another at high temperatures (see later) could be 
used to argue that the 2'-substituted norcaradiene derivative rearranges 
faster than the 3'-derivative and that, again, the direction of ring 
opening is determined by the amount of steric crowding in the product. 
Steric effects would not be expected to influence greatly the direction 
of ring opening of the 3 1 -substituted norcaradiene derivative. 
The thermal rearrangement of a mixture of 2 1 - and 3'-methyl- 
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norcaradiene derivatives (183a and b) gave a mixture of two Z-(methyl-
phenyl)acenaphthen-1-.one derivatives which could be separated using 
low pressure liquid adsorption chromatography. These were identified 
as 2-(2 1 -methyl-phenyl)acenaphthen- 1-one (197f) and 2 -(4'- methylphenyl)-
acenaphthen-1-one (197e). This result finally provided conclusive 
evidence that an ionic mechanism, similar to that shown in scheme 52, 
operates for these reactions. (197f) can only arise from rearrangement 
of the Z'-methylnorcaradiene derivative (183a), and since it is more 
sterically crowded than the product of ring opening in the opposite 
direction, 2-(3 '-methylphenyl)acenaphthen-1 -one (197, R 1 =CH 
 3
; RR3 =R 
H), the electron releasing effect of the methyl group must be the factor 
which determines the direction of ring opening. Similarly 2-(4 1 -methyl-
phenyl)acenaphthen-1-one. (197e) can only arise from the 3'-methyl-
norcaradien.e derivative (183b) and again it is the electronic effect of 
the methyl group which determines the direction of ring opening. 
It shou1dbe noted that, although the Z'-methylnorcaradiene was 
the major component of the starting material, the 2-arylacenaphthen-1-
one derived from the 3'-methyl norcaradiene derivative predominated in 
the- product mixture. This suggests that, as well as the aromatisation 
reaction, a. Berson-Willcott 211 type rearrangement occurs at elevated 
temperatures (see section B. 4). 
In view of the fact that an ionic mechanism, such as that shown 
in scheme 52, operates for the rearrangement of spiro(acenaphthene- 
1. 7lnorcara.2t,41.dien)...Zone  derivatives to 2-arylacenaphthen-l-ones,. 
it is not surprising that this rearrangement is rapid under acidic con-










protonation of the carbonyl oxygen to give a species which can easily 
rearrange to (198). The latter maybe regarded as the protonated 
form of the zwitterion (186). Loss of a proton and tautomerism then 
gives rise to the product (scheme 59). 
For the acid-catalysed reaction, and indeed the thermal reaction, 
the nature of the sub stituents on the six membered ring undoubtedly 
influences the rate at which the reaction occurs. This is clearly seen 
from the fact that norcaradienes bearing electron. withdrawing trifluoro-
methyl groups fail to rearrange at room temperature, whereas the acid-
catalysed rearrangement of the unsubstituted norcaradiene (95) is 
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facile. 	These observations are consistent with the mechanism 
shown in scheme 59, since electron withdrawing groups would tend to 
destabilise the cationic species (198). 
2. 	Silver (1)-catalysed rearrangements of spiro(acenaphthene- 
1,7 1 _norcara_2,4 1 -dien)_2_ones. Cadogan and his co-workers 
115 
 have 
demonstrated that the presence of small amounts of silver(I) ion in 
solutions of spiro(acenaphthene-1, 7 -norcara-2, 4Ldi en )-.2_ one  and its 
methyl derivatives causes their rapid rearrangement to the corresponding 
2.-arylacenaphthen-l- ones. As in the case of the thermal reaction, the 
-difficulty in separating the unsymmetrical monornethylnorcaradiene 
derivatives (133a and b) and the mixture of products obtained after their 
rearrangement meant that interpretation of the spectra obtained was 
difficult, and consequently no conclusions concerning the direction of 
ring opening and mechanism of the reaction could be made. 





have been re-examined using reasonably pure samples of each, obtained 
by low pressure liquid chromatography. It was found that the Z'-methyl-
norc aradiene derivative (183a) rearranged cleanly to 2_(2' -'methylphenyl)-
acenaphthen- 1- one (197f), and the 3 '-methylnorcaradiene derivative (183b) 
rearranged in a similar fashion to 2 -(4' -methylphenyl)ac enaphthen- 1-one 
(197e). It was noted that the rearrangements were accompanied by a 
transient red coloration of the reaction mixtures. The course of these 
reactions was monitored using proton n. m. r. spectroscopy. In both cases 
the following series of events were observed:- rapid disappearance of the 
n. m. r. signals due to the norcaradiene and appearance of fresh signals, 
corresponding to aromatic and methyl group protons, these in turn decaying 
slowly with the appearance of signals corresponding to the 2-arylacenaphthen-
1-one product. 
It was thought that the transient red colour and intermediate n. m. r. 
signals might be due to the enol form of the final product. To check this 
the silver ion-catalysed rearrangement of the more readily accessible 
dimethyl norcaradiene derivative (183c) was monitored using solution infrared 
spectroscopy. In this case, the following changes were observed in the 
spectrum during the course of the reaction:- decay of the carbonyl stretch 
at 1670 cm ' and corresponding growth of a broad absorption at 3540 cm 
followed by decay of this band and appearance of a new carbonyl stretch at 
-1 
1720 cm , the final spectrum being identical with that of an authentic 
sample of 2-(. 2',5'- dime thylphenyl)ac enaphthen- 1-one (197b). 
in the light of these observations and the mechanisms proposed for 
the silver (I)-catalysed rearrangements of other strained systems, 242,243 





















Reactant 	Product 	R 1 R 	 R3 	R4 %Yie1d 
(95) 	(197a) H 	H 	H H 83 (52 2.17 
(183c) 	b CR3 	H 	H Cl-I3 ca. 100 (48 217 
(123b) 	e H 	CR3 	H H ca. 100 
(183a) 	f H 	H 	H CH3 ca. 100 
(178h) 	g H 	Cl 	H Cl ca. 100 
Scheme 62 
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the following mechanism seems likely for this rearrangement:- attack 
+ 
of Ag at the Spiro carbon atom and opening of the three-membered ring, 
followed rapidly by arornatisation of the six-membered ring and proton 
transfer to the carbonyl oxygen, this being followed by loss of silver 
ion to give the enol form (201) of the final product. Since these reactions 
are carried out under mild, neutral conditions, keto-enol tautomerism 
is expected to be slow, permitting detection of the enol form by the 
spectroscopic methods described above. These steps are outlined in 
scheme 61 for the case of the 2'-methylnorcaradiene derivative (183a). 
Again the nature of the substituents on the six-membered ring 
affects the rate as well as the direction of ring opening. Thus rearrange-
ment of the methyl norcaradiene derivatives is complete in minutes, 
whereas the presence of electron withdrawing trifluoromethyl groups 
leads to a complete lack of rearrangement at room temperature, even 
after several days. The silver ion-catalysed rearrangement of 2 1 ,4 1  
dichlorospiro(acenaphthene- 1, 7'-norcara-2 1 , 4-dien)-2-one (178h) was 
found to be intermediate between these two extremes, 2_(2t,  4'-dichloro-
phenyl)ac enaphthen- 1 one (197g) being formed essentially quantitatively 
after 24 h at room temperature. 
The. results of all the silver(I)-catalysed rearrangements 
described above are summarised in schenie 62. 
3. 	Nuclear magnetic resonance spectra of 2-arylacenaphthen-1-ones. 
As has already been mentioned, the H n. m. r. spectra of the Z-aryl- 
ac enaphthen- I - ones described above were indispensible for the deduction 
of substitution patterns in the aryl rings. Interpretation of the n. m. r. 
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spectra of compounds with substituents on the 2 1 and/or 6 1 -positions was 
facilitated by the fact that rotation around the C 2 -C 1 , bonds of these 
compounds is steric ally hindered, and the effects of this hindrance are 
observable on the n. m. r. time scale. 
a) 	Room-temperature n. m. r. spectra of 2-arylacenaphthen-1-ones,. 
The features of the H n. m. r. spectra of the 2-arylacenaphthen-l-ones 
may be considered in three distinct groups:- the signals due to the 
aromatic protons H3 -H8 on the acenaphthenone ring system; the singlets 
due to-the C 2 rnethine protons; and the signals due to the aryl ring protons, 
and-any attached substituents. 
The signals- due to the aromatic protons of the acenaphthenone ring 
occur between 6 8. 2 and 7. 2, for all the 2-arylacenaphthen-l-ones studied. 
The- splitting -patterns were fairly complex, as might be expected for such 
groups- of protons with similar chemical shifts. Only slight differences in 
chemical shift values and splitting patterns were distinguishable between 
compounds. No--attempt was made at assigning values of chemical shifts 
and couplingc-onstants to individual protons or groups of protons. In 
addition -to. showing little change between different compounds, these signals 
were :in-s errs iti-ve to temperature changes, even in compounds in which 
restricted rotation around the C 2 -C 11 bond occurred ('see below). 
The sin.glets -due to the C 2 -methine protons of these compounds occur 
between 5 4.8 and 5. 5. The positions and shapes of these signals were 
useful in distinguishing between isomers differing only in the positions of 
substituents on the aryl ring. The reason for this is that substituents 
on C 21 /c 6  may lie fairly close to these protons, thus influencing their 





















(184a) CH  H CH  H H 5. 09 :1705 
b CH3 H H H CH3 5.38 1715 
C CH  H CH  H CH  5.34 1720 
d 0CH3 H: H H H 5. 09 1725- 
e H H OCH3 H H 4.83 1710 
f 0GB3 H OCH3 H. H - 5. 06 1710 
g OGH3 H H H OCH 5.44 1720 
3. 
(19 7a) H H H H H 4.86 1720 
b H CH  H H CH  5.08 171'5 
H CF3 H CF3 H 4.99 1720 
d H CF3 H H H 4.95 17.20 
e H H CH3 H H 4.83 1720 
£ H H H H CH  5.15 	. 1715 
H H Cl H Cl 5.35 1715 
Table 4 - Spectral data for 2-arylacenaphthen-1-.ones 
a 	Spectra recorded using CDC1 3 solutions. 
b 	Spectra recorded using nujol mulls except in the case of (197e)(nea 
material). . 	. . 
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the possibilities of two equilibrating conformers existing, and broaden-
ing of these signals occurring (see below). These effects maybe seen 
by comparing the chemical shift values of the methine protons of 
structurally related compounds, e. g. (184a, 197b and f) which all have 
2 1 -rnethyl subs.tituents, but no 6 1 -substituent, and which have chemical 
shift values of 6 5. 09, 5, 08 and 5. 15 respectively for the C 2 -methine 
protons(see table 4). 
The signals due to the ring protons of the aryl substituents 
generally occur at slightly higher field than the aromatic protons of 
the acenaphthenone ring system. In all cases the splitting patterns 
observed were, consistent with the assigned substitution pattern. For 
example the re:sonances due to the 3,5'.- and 6 1 -protons of (184a) occur 
as a singlet-at 6 7. 04, a doublet (J = 8Hz) at 6 6. 84 and a doublet 
(.J = 8Hz) at 6 a. 64 respectively, all of these signals showing slight 
broadening as .a consequence of the restricted rotation around the 
C 2 -C 1 , bond.. The position and shapes of resonances due to the protons 
(or fluorine atoms) of substituents on the aryl ring were also charac - 
'te'ristic of 'the nature of the sub stituent. For example, the 2 1 -methyl 
groups-of (1.84a, 197b and f) give rise to signals at 6 2. 32, 2. 30 and 
2. 37 r-espectively, all of which are broadened as a result of the restricted 
rotation ar.ound ..the C 2 -C 11 bonds of these-compounds (see below). 
b) 	Variable temperature n. m. r. studies. As mentioned above, 
Z-arylacenaphthen-l-one derivatives with substituents in the 2 1 - and/or 
6 1 -positions of the aryl group exhibit a conformational effect which may 
be observed within the n. m. r. time scale. 	. ' This effect which was 
first observed for 2_(2 1 , 5 1 -dimethylphenyl)acenaphthen_1_one (197b) by 
Cadogan and his co-workers, 115 arises because rotation around the 
C 2 -C 1, bond is restricted. It may be compared with the effect reported 
/ )--C H3 
(197b) 
for 9-ary1iluorenes (202) 
244 
 and related species. 244c 
(202) 
wl 
I 	 I 
8.0 	70 	6.0 	5.0 4.0 	3.0 	2.0 
E1g2: Variable temp 1 H n.m.r spectra of (197b). 
us' 
2-Arylacenaphthen-l-ones which have a substituent at C 2 , and 
not at C 6 , may exist in one of two possible stable conformations: (203A) 31  
in which the substituent (X ) lies over the acenaphthenone ring system; 
and (203B) in which the substituent (X ) lies close to the hydrogen atom 
on C 2. 
(2034) (203B) 
When X =CH 3 (184a, 197b,f), hindered rotation around C 2-C 11 
occurs at room temperature, and the n. m. r. signals due to the Z'-methyl 
protons appear as broadened singlets. The signals sharpen considerably 
at higher temperatures and become progressively broadened at lower 
temperatures, until coalescence occurs at around -20 °C in all three 
cases. At even lower temperatures, the two signals, due to the methyl 
groups in conformations (203A) and (203B), separate, becoming quite 
sharp below -50°C. Similar processes occur for the signals due to the 
proton on C 2 and the other substituents and protons on the aryl ring. The 
spectra obtained at -60 
0 
 C, 28 
0 
C and 60 
0 
 C for (197b) are shown in figure 7. 
Similar effects were observed in the spectra for (184d,f) and (197g). 
The compounds bearing the effectively small methoxyl group at C 2 , (184d, 
f) give sharp n. m. r. spectra at room temperature, indicating that 
rotation about the C 2 -C 1 , bond is rapid at room temperature. For these 
compounds coalescence does not occur until the temperature is reduced 
to ca. -55°C. 
Cpd . 	Chemical Shift Values (6 ppm relative to TMS)a  T 	Mole Mole dA..>B AGB->A G 	
G AB  caic. 
Conformation 
Average (Temp (°c)) 	fractn. fractn. ( °C) 	B 	A 	(kJmof 1)(kJmof 1) (kJmof 1 ) (kJmol 1 ) A 	 B 
X 	H X H X H 
(184a). 1.42 4.87 	2.68 5.13 	2.30 .5. 08 (55) -19 	0. 72 0.28 50. 2 52.1 -1. 9 -2.0 
(0.03) (0.03) (0.2) (0.3) (0.5) (0.3) 
(197b) . 1. 41 4.86 	2.66 5.12 	2.26 5.08' (60) -24 	0.71.. 0.29 52.5 54.3 -1.8 -1.8 
(0.02) (0.02) (0.3) (0.4) (0.7) (0.2) 
(19.71) 1.47 4. 95 	2. 72 5. 25 	2.34 5.14 (60) -21 	0. 72 0.28 49. 7 51. 7 	. .72. 0 -2. 0 
(0.02) (0.02) (0.Z) (0.3) (0.5) (0.3) 
(184d) 3. 21 4. 82 	4. 01 5. 61 	3.47 5. 09 (28) -57.5 0.35 0.65 44.3 43.1 +1.2 +1. 1 
(0.02) (0.02) (0.2) (0.2) (0.4) (0.2) 
(184f) 3. 21 4. 78 	3.94 5.49 	3. 51 5. 05 (28) -55 	0.42 0. 58 44.4 43.8 +0.6 +0.6 
(0.04) (0.04) 
( 
0.5) (0.2) (0.7) (0. 4) 
(197g) 4.84 5.41 5.35 (60) -18.5 	0.74 0.26 51.9 54.0 -2.1 -2.2 
(0.04) (6 4 2) (0.5) (0.7) 
. 	
(0.5) 
Table 	5: Variable temperature n. m. r. data for 
2-(2 1- substituted phenyl)ac enaphthen- 1 - ones. 
a Spectra recorded using CDC1 3 solutions. 
182 
Values were obtained for the coalescence temperatures (T), 
the relative concentrations of the conformers (203A) and (203B) below 
T , and relevant chemical shifts for the two conformations of all the 
C 
above-mentioned compounds. The relative concentrations of the two 
conformers were estimated from the integrals of the appropriate n. m. r. 
signals and/or the differences between the chemical shift values of the 
individual conformers and the mean chemical shifts. The free energies 
of activation for the interconversions of the conformers were calculated. 
245 
acctording to the method of Shanan-Atidi and Bar-eli. 	The results 
obtained are summarised in table 5. Chemical shift values are ±0.  01 
P. P. m. , coalescence temperatures are +1 °C. All other estimated 
errors are given in brackets in the table. 	li G 	= -RT inK, the calc 	c 
equilibrium constant, K, being calculated from the estimated concentra-
tioms of the two conformers. 
The similarities between chemical shift values of similar groups 
in corresponding conformations are self-evident. The values obtained 
for the C 2 -.protons of compounds in conformation (203A) maybe compared 
-with the values - obtained for compounds (184e, 197a and e) which lack 
sub.stituents. in their 2 1 /6 1 -positions. The lower, chemical shift values 
or -the-methyl protons of conformers (203A) are a consequence of the 
shielding effect -of the aromatic acenaphthenone ring system. 
The values obtained for the activation energies of the intercon-
versions of (203A) and (203B) are very similar for all the compounds 
with methyl groups in the Z'-position and also for (197g) which has a 2 1 -




and so the energy barrier, restricting rotation around C2-C1,, 
Compound 
a 
8 	(p.  p. m. from T. M. S.) 
XB  
o 
T 	( C) 
* 	-1 
AG (kjrnol 	) 
XA 
(184b) 1.47. 2.59 112 
>190b 
94 
c 1.41 2.54 113 (2) 
200b 96 (?)d 
g 3. 12 3. 90 78 (2) 
107  
 77. 5 (0.3) 
Table 6: 	Variable temperature n. m. r. data for 2_(2', 6'-substituted 
phenyl)ac enaphthen- 1-ones. 
a Rodm temperature spectra recorded in CDC1 3 . 
b 	
Measured using diphenylether solution. 
C 	
Measured using chlorobenzene solution. 
C 	 -1 248 
Cf. lit. value of 96. 5 kJ rnol 	(trichlorobenzenë solution). 
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is virtually identical in all these cases. For each of these compounds 
the less sterically crowded conformer with the sub stituent away from 
the acenaphthenone ring (203B) is preferred. 
The corresponding activation energies for (184d and f) are 
significantly lower than those mentioned above, since the Z'-methoxyl 
substituents are effectively smaller than either methyl or chioro 
sub stituents. For (184d and f), the preferred conformers are those 
in which the methoxyl group is over the acenaphthenone ring (203A). 
The reason for this is unclear, but it may indicate that weak through- 
space interactions between the orbitals of the acenaphthenone rings and 
the oxygen atom of the methoxyl group occur, stabilising the more 
sterically crowded conformer. 
For 2--ar ylac enaphthen- I-ones with identical 2 1- and 6 - sub stituents, 
the conformations corresponding to (203A) and (203B) are equivalent 
(204). However, since rotation is restricted at room temperature, the 
two substituents, XA and X Byare non-equivalent. 	This is reflected in 






at higher field than those due to X   (see table 6). At high temperatures, 
the rate of rotation around C 2 -C 1 , increases, and the signals due to XA 
and XE  broaden and coalesce, giving a single sharp signal at temperatures 
well above the coalescence temperature. This sequence of events is 
shown for the n. m. r. spectrum of (184g) (XOC•H 3 ) in figure 8. 
I .... r--.  




0 	 OCH 3 	 .,•, 
10 COOVI , 
(184g) 
A 	I •70°c "".. I: 
I ,. 
280 
Eig.:100MHz 1H N.m.r. spectrum of (184g). Insets: effects of.'  
temp. on methoxyL groups' signals. 
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From the chemical shift values obtained for the substituents 
X  and X  	
and the coalescence temperature it is possible to estimate 
the free energy of activation for rotation around C 2 -C 1 , using equation 
M. 247 
* 	( 
1G =RT lnl 
k   
c 
 V2 2 
c 
R is the gas constant, T 
c 
 is the coalescence temperature.(in K), d is the 
transition coefficient = 0. 5, k is Boltzmann's constant, A v'is the 
separation in Hz between the resonances due to X   
and  XB.  and h is 
Planck's constant. This simplifies to equation (2). 
AG 	19. 145 T 
C 
 (9.972 + log T 	) - (2) 
A 2' 
The coalescence temperatures were determined, where possible, 
for (184b, c and g) and the activation energies for rotation calculated. 
The results are summarised in table 6. Chemical shift values are 
±0.01  p. p. m., the errors in T   for (184c and g) are +10 0C and +1 0C 
respectively. All other estimated errors are given in parentheses. 
Again similarities in chemical shift values for groups in similar 
environments are obvious, e. g. the methoxyl group protons of (184g) 
give resonances at 6 3.12 (X A)and 3.90 (XB),cf.values of 6 3. 21 for the 
methoxyl group protons of both (184d and f) in conformation (203A), and 
6 4. 01 and 3. 94 respectively for the methoxyl group protons of (184d 
and f) in conformation (203B). 
The magnitudes of the activation energies are again related to 
the sizes of the substituents, the smaller methoxyl groups giving rise 
to smaller activation energies. The values of >94 kJ mol ' for (184b 
i o: 
and c) and 77.5 kJ mol ' for ( 184g) are comparable with values obtained 
for related 9-ary1fluorenes. Thus the activation energies for rotation 
around C-C 1 , of (202, R =R' =R" = CH 3 ) and (202, RR'=OCH3 , R"H) 
have been estimated to be >100 and 86. 5 kJ mol 1 respectively. 244 
Rotation around the C 2 -C 1 , bond of Z-arylacenaphthen-l-ones 
lacking substituents at the 2 1 /6 1 -positions is totally unrestricted. This 
fact is exemplified by 2-(3 1 , 5 '-bis(trifluoromethyl)phenyl)ac enaphthen-
1-one, the 19F n. m. r. spectrum of which exhibits a single resonance 
at -62 p. p.m. from CC1 3F. 
4. 	The Berson-Willcott rearranaement of sthro(acenanhthene-1. 71_ 
norc ara- 2', 4 1 -dien)- 2-ones. As mentioned previously, attempts to 
purify (1 1 a, 6'a, 7'13)_2'_trifluoromethylspiro(acenaphthene_1, 7 1 -norcara-
2 1 , 4 1 -dien)-2-one (178a) failed because of its rearrangement to the 3'-
substituted derivative (Scheme 63). Such rearrangements have been of 
great interest recently in relation to the molecular orbital theories of 
Woodward and Hoffmann 
212 
 and the principle of least molecular motion, 
propounded inter alia by Hine, 
213
for concerted chemical reactions. 









F N.m.r spectra showing the interconversion of (178a and •b). 
LSb 
for a number of norcaradiene (and cycloheptatriene) species, 211,214, 216 
the above reaction is believed to be the first directly observed example 
of this type of rearrangement for a norcaradiene with a Spiro ring system 
attached at C 7. It should be noted, however, that Drr and Kober193b 
reported that photolyses of diazocyclopentadiene derivatives in benzo-
trifluoride yielded only c ycloheptatr iene /norc aradiene products with 
the trifluoromethyl substitunt in the 3 1 -position (scheme 64). It 





(PRCt;RH, R1RCHC±CHCH - ) 
3 
Scheme 64 
would appear likely that both the 2t  and 3 1 -derivatives are formed in 
the reaction and that the 2'-derivative rearranges to the 3'-in an analogous 
manner to that shown in scheme 63. 
In addition to the fortuitous observation of the rearrangement of 
(178a) to (178b), a deliberate examination of its kinetics was carried 
out using 19F n. m. r. A sample of the 2 1 -derivative (178a) (containing 
15. 1% of (1 78b)) was dissolved in toluene, containing a small amount 
of d8 -toluene as lock, heated to 100 °C, and the spectrum recorded at 
intervals of 16. 6 nun over a period of several hours. During this 
time, the signal due to the 31_derivative  increased in intensity at the 
expense of that due to the 2 1 -derivative (see figure 9). 
From the intensities of the signals, the relative concentrations 
of the two compounds at a given time could be calculated. Assuming a 
101 
simple equilibrium exists between the two compounds, with no inter-
ference from side reactions, then the rate expression describing the 
reaction is given by equation (3). 249  
dx 
= k1 (a-x) - k_ 
1 
 (b +x) - (3) 
a is the initial concentration of (178a), b is the initial concentration 
of (178b) and x is the amount of (178a) transformed into (178b) at 
time t . 	k and k are the first-order rate constants for the forward 
and reverse reactions as shown in scheme 63. 
Simplification and integration of equation (3) gives 
-in (m-x) = (k 1 + k 1 ) t + C - (4) 
where C is a constant and 
m = (k1 a - k 1b)/(k 1 + k 1 ) - (5) 
Since at t0, x0 then C = -mm and hence 
log m




Measurement of the equilibrium constant for the reaction, K, enables 
m to be calculated at any given time since 
K = k1 /k 1 
k1 =k 1 K 	 - (7) 
Substituting equation (7) into equation (5) and simplifying gives 
m = (aK - b)/(l + K) 	- 	(8) 
The equilibrium constant for the interconversion of (178a) and 
(178b) in toluene at 100 °C was measured after 18 h as 2. 2. This value 
was found to be the same whether the starting material was (178a) or 
t 	(mm) Relative Concentrations 	(%) x (%) m log 
(178a) (178b) 
0 84.9a 15.1b 0 1.00 0.00 
16.6 81.4 18.6 3.5 1.07 0.03 
33.2 74.7 25.3 10.2 1.24 0.09 
49.7 71.9 28.1 13.0 1.32 0.12 
66.3 65.7 34.3 19.2 1.56 0.19 
82.9 59.8 40.2 25. 1 1.88 0. 27 
99.5 58.7 41.3 26.2 1.96 0.29 
116 57.0 43.0 27.9 2.09 0.32 
133 54.9 45.1 30.0 2.27 0.36 
149 49.5 50.5 35.4 2.95 0.47 
166 46.7 53.3 38.2 3.48 0.54 
Table 7: Kinetics data for equilibrium between (178a) and (178b) in toluene at 100 0C. 
m = (aK-b)/(l+K) = 53.6) 
t (mm) Relative Concentrations (%) x (%) 
m* log 
(I 78a) (1 78b) 
0 84, 0a 16. 0b 0 1.00 0.00 
16.6 80.6 19.4 3.4 1.10 0.04 
33.2 76.8 23.2 7.2 1.24 0.09 
49.7 72.9 27.1 11.1 1.42 0.15 
66.3 69.3 30.7 14.7 1.64 0.22 
82.9 67.7 32.3 16.3 1.76 0.25 
99.5 63.7 36.3 20.3 2.17 0.33 
116 61.7 38.3 22.3 2.45 0.39 
133 61.1 38.9 22.9 2.55 0.41 
149 61.1 38.9 22.9 2.55 0.41 
166 59. 2 40.8 24.8 2.92 0.46 
Table 8: Kinetics data for equilibrium between (178a) and (178b) 
in d 5-dmso at 100°C (' n,(aKb)/(1+K)37. 7). 
Log m/m-x 
30 	60 	90 	120 	150 	t(min) 
Fig.10: Graph of Log m/m-x v. time for (178a) ~(178b) in toluene 
at 100 °C. 
LoQ m/m-x 
30 	60 	90 	120 	150 	t(min) 
.Eig.lOa:Grciph of [ogm/m-xv. time for (178a) .-- (178b) in d6-dmso 
at 100°C. 
MINI 
(178b). Values of m and x were calculated from the concentrations 
of (178a) and (178b), measured as described above (see table 7). A 
graph of log m 
	
against t was found to be a straight line (figure 10). m - x 
The gradient was calculated using a least squares program (Hewlett-
Packard HPZ 7 calculator) and (k 1 +k 1 ) found to be 12.0 (+0. 7) x 10 - 5s - 
Since K2. 2, k1 8. 2 (±0. 8)x10 5 s 1 and k_ , 3. 8 (±0. 3)x105s1. 
These values are of a similar order to rate constants determined for 
analogous rearrangements. 214,216  
The kinetics of this equilibrium were very similar when d 6 -dmso 
was used as solvent (see table 8 and figure lOa) and k 1 +k_ 
1 
 was found to 
be 11. 1 (+0. 7)xlO -5 s -1 . The equilibrium constant in this case was 
found to be 1. 2, so that k 1 6. 1 (±0.  6)x10 5 s 	and k 1 5. 0(±0. 5)xl0 5s. 
The reasons for the difference in equilibrium constants presumably arises 
from differences in the dipole moments of the two compounds. 
The similarity in the rate constants obtained using a polar and 
non-polar solvent indicates that the mechanism of the rearrangement 
does not involve charged intermediates (e. g. opening of the three 
membered ring to give the zwitterion (205) followed by ring closure on 
either of the carbonatoms asterisked, this reaction competing with re-









distinguish conclusively between a "least motion" process or a 
"symmetry-allowed" process for this rearrangement without resolving 
the starting material into its enantiomer s. 
Zllc,2l4,216
Nevertheless, 
it should be noted that the symmetry allowed process would necessarily 
give rise to material in which the six-membered norcaradiene ring was 
endo to the carbonyl functlonZflC (see scheme 65). No such compounds 
were detected, the ratio of the integrals of the signals centred on 6 6. 75 
(C 8 proton endo to norcaradiene ring) and 6 3.25 (1 1 /6' protons) 
remaining at 1:2 in the 
I 
 H n. m. r. spectrum of the equilibrium mixture. 
This might be taken as evidence in support of the least motion process, 
but since the endo isomer might be expected to isornerise spontaneously 
to the exo isomer (vide supra) this is not necessarily the case. 
The trifluoromethyl derivatives are not the only ones which undergo 
a Berson-Wllicott type rearrangement. As already mentioned, evidence 
for this rearrangement was obtained from the results of the thermal 
rearrangement of the methyl derivatives (183a and b) to the corresponding 
2-arylacenaphthen-l--ones. Thus a mixture of (183a) and (183b) in the 
ratio of 62:38 (as estimated from the 'H n. m. r. spectrum of the mixture) 
gave (197±) and (197e) in the ratio of 39:61, although the 2'-methyl 
norcaradiene derivative (183a) alone can give rise to (197±) and similarly 
(183b) alone gives rise to (197e). 	This indicates that the Berson- 
Willcott rearrangement is competing with the aromatisation reaction, 
and also indicates that again the 3 1 -substituted norcaradiene isomer is 
preferred over the 2'-substituted derivative. The above reactions are 
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The predominance of the 3 1 -derivatives over the Z'- in these 
rearrangements is not necessarily an indication that these isomers 
are significantly more stable. it is more likely that this observation 
arises as a consequence of the instability of the l . ' -  substituted norcara-
diene derivatives. When the individual enantiomers of the 2 and 3 1 - 
substituted isomers are considered, it can be seen that there are twice 
as many routes to the 3 1 -substituted derivatives as to the 2'-derivatives, 















to the 1 '-substituted derivative is much higher than that for the con-
version to the 3'-dérivative (scheme 67). If the rate constants k 1 -k5 
were equal, then the equilibrium constant for the equilibrium between 
the 2' and 3 1 -norcaradiene derivatives would be 2. 
Scheme 67 
This scheme does not apply to the case examined originally 
by Berson and Willcott2lb, the 7, 7-dicyano-n-methyl norcaradienes. 
There the 1-methyl derivative was readily accessible, and the 2-methyl 
derivative predominated at equilibrium. 21 lb 
C. 	Other reactions of sniro(acenaDhthene-l. 7'-norcara-2 1 . 4 1 - 
dien)-2-ones. 
1. 	Reactions with high potential quinone hydrogen acceptors. 250 
It was hoped that the reaction of the unsubstituted spiro(acenaphthene- 
i 
1, 7 '-norcara-Z', 4 1 -dien)-2 - one with dichlor odic yanobenzoquinone 
(DDQ) to give acenaphtho[1, 2-b]benzo[d1furan (174)115 might be 
extended to include substituted compounds. However, attempts to 
carry out the reaction using the 2 1 , 5 1 -dimethyl norcaradiene derivative 
(183c) using a variety of conditions, failed, the only isolated product 
being that of rearrangement to 2-(2 1 , 5 Ldimethylphenyl)ac enaphthen- 1-
one (197b). Attempts at dehydrogenation using the milder reagent, 
217 
chioranil (tetrachioro- 1, 4-benzoquinone) also failed. 	When the 
more powerful oxidising agent o-chloranil (tetrachlor o-1, 2-benzoquinone) 
was employed, a product was obtained which did not correspond to that 
of thermal rearrangement. 
The 'H n. m. r. spectrum of this product exhibited resonances 
only in the aromatic region, and for two non-equivalent methyl groups. 
The aromatic resonances integrated for nine protons, rather than the 
eight required for the expected furan derivative. The I. R. spectrum 
showed a strong carbonyl stretching band at 1735 cm. Mass spectral 
and analytical data were consistent for a compound with the formula 
C 20H15C10, and the compound was assigned the structure (206) (yield, 






of the compound, in 99% yield, by chlorination of 2-(2 1 , 5 1 -dimethyl-
phenyl)ac enaphthen- 1-one using sulphuryl chloride. 
The 1 H n. m. r. spectrum of this compound provided an interesting 
comparison with that obtained for 2-(2 1 , 5'- dimethylphenyl)acenaphthen-
1-one (197b). The resonances due to the methyl protons of the chioro 
derivative occur as sharp singlets at 6 2. 42 and 1. 41. These values 
indicate that the 2 1 -methyl group is situated over the acenaphthenone 
ring system, in direct contrast to the preferred conformation observed 
for (197b). Furthermore, on heating up to 180 °C, in diphenyl ether, no 
change is observed in the spectrum, indicating that a severe steric 
interaction occurs between the chlorine atom and the Z'-methyl group 
preventing rotation around the C 2 -C 1 , bond. The activation energy for 
rotation about C 2 -C 1 , is greatly in excess of 90 kJ mol ' . 
The mode of formation of (206) probably involves initial rearrange-
ment of the norcaradiene to (197b), followed by hydride abstraction by 
o-chloranil and attack by chloride ion. These steps are outlined in 
scheme 68. That hydride abstraction probably occurs after rearrangement 
was demonstrated by the reaction of (197b) with o-chloranil, under the 
same conditions as the reaction of the norcaradiene. This gave the 
same product (206), in 47% yield. The chloride ion involved in the last 
step probably arises from nucleophilic substitution of chloride in o- chioranil 
by the anion formed on hydride abstraction 
250 
 (207). This substitution 
reaction is followed by elimination of HC1 to give the dioxane (208). 250 
No attempt was made to isolate this species. These reactions are 

















The failure to isolate a furan derivative from any of the 
reactions of (183c) with high potential quinct hydrogen acceptors is 
probably because the rearrangement to (197b) is very fast under the 
conditions employed. This would not be expected to be the case for 
norcaradienes bearing electron withdrawing groups. For such corn-
pounds, however, initial removal of hydride ion by the quinone 25° 
would be expected to be much more difficult than in the unsubstituted 
case, (95). To date, the reactions of such norcaradienes with high 
potential quinone hydrogen acceptors have not 	been examined to 
verify this hypothesis. 
2. 	Reduction of spiro(acenaphthene -1, 	 4'-dien)-Z- 
ones. The reductions of the carbonyl group of spiro(acenaphthene-
1, 7'-norcara-2 1 ,4 1 -dien)-2-one (95) and that of its 2 1 , 5'-dimethyl 
derivative (183c) have been carried out, and the dehydration of the 
resulting  alcohols investigated. 
a) 	Reduction reactions. Attempts to reduce the carbonyl function 
of (95) using lithium aluminium hydride or sodium borohydride were 
unsuccessful. Lithium borohydride, however, successfully reduced 
the compound in solution in tetrahydrofuran. The resulting alcohol was 
obt ained in 97% yield as a viscous red oil which did not distil and could 
not be induced to crystallise. As a consequence, satisfactory analytical 
data were not obtained for this compound. Accurate mass measurement 
on the molecular ion peak was consistent with the formula C 18H140, and 
the I. R. spectrum showed that the cárbonyl stretch of the starting 
material had disappeared, being replaced by a broad band at 3400 cm1, 
8.0 	7.0 	6.0 	50 	4.0 	3.0 	2.0 
Figli :10.0MHz 'H N.m.r spectrum of (209). 
11 
196 
indicating that the expected reduction had occurred. 
The 1 H n. m. r. spectrum, however, was different from that 
expected for a norcaradiene derivative, no resonance being present 
at around 5 3. 0. Instead, the n. m. r. spectrum (figure 11) indicated 
that the alcohol existed in the cycloheptatriene form (209), the resonances 




multiplets between 6 6. 72 and 5 5. 00. The proton on C 2 gives rise 
to a singlet at 5 4. 70 and the hydroxyl group proton to a broad singlet 
at 6 1. 84 which disappears on shaking the solution with ]J 2 0. No 
significant changes occurred in the spectrum on cooling to -55 °C. 
Further evidence that this compound has the structure shown 
comes from its '3 C n.. m. r. spectrum. The signal due to C 7 occurs 
at 6 58, similar to values obtained for other 7-substituted cyclohepta-
trienes93d 251 and significantly downfield from the resonance due to 
C 7 , for (95), which occurs at 6 23. The signals due toC 1 , and C 6 , lie 
within a large number of-lines due to the aromatic and olefinic protons, 
in contrast to the signal for C 1 ,/C 6 , of (95) which occurs at 5 42. The 
13 
- C spectra of these two related compounds are shown in figure 12. The 
signal due to the C 2 proton of (209) lies beneath one of the lines due to 
the solvent, CDC1
32 
 at 6 79. 
52 
C N.m.r spectra of (95) and (209. 
The change in the position of the norcaradiene/cycloheptatriene 
equilibrium in going from (95) to (209) may be due in part to a decrease 
in the angle at C 1 in the five-membered ring caused by the change in the 
hybridisation of C2. The main cause of this change, however, is probably 
the destruction of the carbonyl group's iT system, into which electrons 
from the norcaradiene ring system could be donated. Clearly the 
presence of the aromatic ir system of the acenaphthene rings is, alone, 
insufficient for stabilisation of the norcaradiene form. 
This change in the position of the norcaradiene/cycloheptatriene 
equilibrium may be compared with the change which occurs '92 on reac-
tion of spiro(cyclopenta-2, 4-diene- 1, 7 1 -norcara-2 1 4 1 -diene) (210) with 
maleic anhydride to give the Diels-Alder adduct (211) (scheme 70). 
In this case, too, the destruction of the 1T-system associated with the 








Schonleber 	attributed it to a decrease in the angle a. 
Oppenauer oxidation of the alcohol (209) gave the original ketone 
(95), with no indication of any formation of (1 1 a,6 1 a,7 1 1-spiro(acenaphthene-
1, 7 1 -norcara-2 1 , 4Ldien)...2one  (176b), this again indicating the stability 
of the configuration with the six-membered ring of the norcaradiene 
exo to the carbonyl group. 
Reduction of the 2 1 , 5 1 -.dimethylnorcaradiene derivative (183c) 
was achieved in 78% yield using lithium aluminium hydride. The product 
170 
was obtained as a yellow oil, which again could not be induced to 
crystallise. Satisfactory analytical data were not obtained, but 
accurate mass measurements on the molecular ion peak of the mass 
spectrum were consistent with the formula C 20H16 0. The infrared 
spectrum of this compound exhibited a broad peak at 3350 cm- 1 
indicating that the carbonyl group had been reduced toahydroxyl 
function. The 'H n. m. r. spectrum of this compound showed, in 
contrast to the unsubstituted case, that it existed in the norcaradiene 
form (212). The signals due to the protons on C 1 , and C 6 , appear as 
1 5/ 




an AB quartet the two halves of which are centred on 6 3. 57 and 3 16 
(cf. 6 5.51 and 5. 07 for the 1 1 - and 6 1 -protons of (209)), those for H 3 , 
and H4 , also appearing as an AB quartet centred at 6 6. 10. The methyl 
groups give rise to two sharp singlets at 6 2. 08 and 1. 86. The signal 
due to the hydroxyl proton appears as a broad singlet, which disappears 
on shaking the sample with D20, at 6 2. 27. H2 appears as a singlet 
at 6 4. 97, whilst H3 -H7 give a complex group of signals between 5 7. 76 
and 7. 38. A doublet due to H 8 occurs at 6 6. 88, indicating that the 
(1 'a., 6 1 a, 7 1 )-configuration of the starting ketone has been retained. 
1 	' 	
193d 	 116, 178, l79,184a,193b 
The effect of methy1 (and other 	 ) substituent 
on the position of the norcaradiene-cycloheptatriene equilibrium has been 
L 
185 179, 	,193b noted before, and various explanations 116, 
	
have been 
offered for their effect. It is probable that a good deal of the confusion 
that occurs in the literature arises from comparisons which have been 
made between the structures of substituted and unsubstituted norcara-
dienes (or cycloheptatrienes). In fact, substituted norcaradiene 
structures should be compared with substituted cycloheptatriene 
structures in order to gauge the effect of the substitution on the position 
of the norcaradiene-cycloheptatriene equilibrium. Molecular models 
suggest that the effect of substituents is a steric one, destabilising 
interactions between substituents at the 2, 3,4 or 5-positions of a 
norcaradiene ring and the adjacent hydrogen atoms being less than the 
corresponding interactions for a c ycloheptatriene system. Conversely, 
the steric effect of substituents at C 1 or C 6 is greater in a norcaradiene 
than in the corresponding cycloheptatriene. The order found by 	rnerl84a 
for the effectiveness of various substitulents in stabilising the norcara-
diene structure (2-Ph>2-Br 2-Me>3-Me>H>l-Me) is consistent with 
this view. 
In the case of (212), the presence of two methyl substituents is 
clearly sufficient to shift the equilibrium well to the side of the norcara-
diene form, even with only the aromatic acenaphthenol ring system to 
accept electrons from the three-membered ring of the norcaradiene 
system. No significant change in the proton n. in. r. spectrum of (212) 
was observed between -20 and 100 °C. 
b) 	Dehydration reactions of spiro(acenaphthene-1, 71-norcara-21, 4t_ 
dien/cyclohepta-1 1 31, 5 1 ...trien)...2_ols. Heating a solution of spiro-
(acenaphthene- 1, 7L cyc lohepta .11,31, 5 1 -trien)-2-ol (209) in glacial acetic 











phenylacenaphthylene (213) in 87% yield. This compound was 
identified on the basis of its spectral characteristics and published 
data concerning its melting point and that of its picrate derivative. 218a 
Further confirmation of its structure came from an alternative 
synthesis 
218  involving reduction of 2-phenylacenaphthen-l-one (197a) 
to the known 2-phenylacenaphthen- 1 -ol (214), and dehydration of this 
compound, either with glacial acetic acid or phosphorus pentoxide,to 
(213) (scheme 71). 
h 	 H 	Ph 
H 	HY -  
L1A[H4 	 -H20 
1<1 609 	 (214) 	 (213) 
Scheme 71 
The formation of (213) from spiro(acenaphthene-1,7 1 -cyclo-
hepta- 1 1 , 3, 5 '-trien)-Z- ol could, conceivably, involve the intermediacy 
of the alcohol (214). A more likely process, however, is protonation 
of the hydroxyl group of (209), followed by loss of water to give the 
carbonium ion (215), which would undoubtedly exist in the norcaradiene 
186,187,197 
form. 	 Facile proton loss and aromatisation of this species 
would then give the product (213). These steps are outlined in scheme 
72. 
Addition of silver ion to a solution of (209) in CDC1 3 produced 
no significant change in the proton n. m. r. spectrum, even after 2 days. 
In contrast, treatment of 2 1 , 5 '_dimethylspi.ro(acenaphthene- 1, 7'- 
norc ara- 2', 4' -dien)- 2- ol with a catalytic amount of silver(I) perchiorate 
HO 













resulted in clean rearrangement, with loss of water, to 1_(21, 51- 
dime thylphenyl)ac enaphthylene (216). This compound was isolated as 
an orange gum which polymerised on attempted purification. Its 
structure rests on accurate mass measurement on the molecular ion 
peak of its mass spectrum, and n. m. r. and infrared spectral data. 
The above observations indicate the importance of having 
significant quantities of the norcaradiene tautomer present for the 
silver ion-catalysed rearrangement to be successful. In view of the 
proposed mechanism for the silver, ion-catalysed rearrangement of 
spiro(acenaphthene-1, 7'_norcara_2',4Ldien)_2_ones, a likely mechanism 
for the conversion of the alcohol (212) to (216) is attack of silver ion at 
C 1 (C 7 ), followed by aroniatisation and proton transfer to the hydroxyl 
function, and loss of water and silver ion. These steps are outlined 
in scheme 73. 
D. 	Photolytic decompositions of some other polycyclic diazo- 
ketones in benzene. 
1. 	Photolysis of 9-diazo-4, 9-dihydro-8H-cyclopenta[def]phen - 
anthren-8-one in benzene. Like 2-diazoacenaphthen-1-one (50), 9-
diazo-4, 9-dihydro- 8H-c yclopenta[Jphenanthren-8-one (48) is a poly -
cyclic diazoketone which decomposes to give a 1,2-oxocarbene (217) 
which is reluctant to undergo Wolff rearrangement. Unlike 2-diazo-
acenaphthen-l-one, however, photolysis of (48) in benzene is reported 45 
to give the dihydrofuran (97) as the major product in 20% yield. Trost 






addition to benzene or via rearrangement of an intermediate spiro- 
45b 
norcaradiene derivative (scheme 74). It was also suggested 	that 
attack of the carbonyl oxygen at C 21 of the norcaradiene ring might be 
responsible for this rearrangement. Such a process would necessarily 
involve a norcaradiene species with the six-membered norcaradiene 
ring endo to the carbonyl group (218). By analogy with the spiro(acenaph-
thene- l,7'-norcara-2',4'-dien)-2-ones, the exo configuration (219) 
would be the preferred one, attack at C 1 , being the likely route to (97). 
 
 
(219) (218) (97) 
Similar rearrangements of ac ylc yc 1 opr opane s to dihydr ofur an s have 
252 
been reported elsewhere. 
In view of the differences between this reaction and those of 
2-diazoacenaphthen-1-one, it was decided that this system should be 
re-examined. It was noted that in all the photolyses performed by Trost 
and Kin son 4Sb  t-butylamine had been included in the reaction mixtures 
in order to trap the ketene (220). In the hope that either the yields 
of the dihydrofuran (97) might be improved, or an intermediate nor-
caradiene might be isolated, the photolysis of (48) was carried out in 
the absence of t-butylamine. 
O3 
(220) 
Under these conditions, no dihydrofuran product was obtained. 
Instead a single product was isolated in 58. 5% yield. This was identified 
on the basis of 1. R., n. m. r. , mass spectral and analytical data as the 
product of formal insertion of the 1, 2-oxocarbene into the C-H bond of 
the solvent, 9- phenyl-4H-c yclopenta[jphenanthr en- 8- ol (221). When 
the photolysis was repeated with t-butylamine (1. 1 %by volume) added 
to the benzene, this compound was again the major product, although the 
yield had dropped to 51%6 In addition to this product, however, ca.3% 
yield of the product expected from Wolff rearrangement (222) was 
obtained, and a third, non-polar, colourless, crystalline product was 
isolated in 10% yield. The amide (222) was identified by comparison 
45 
with the data reported by Trost and Kinson. 	Mass spectroscopy 
indicated that the third product had arisen from attack of the carbene on 
benzene. Its I. R. spectrum indicated that it had a dihydrofuran structure, 
since no C =0 or 0-H stretching bands were observed. Its 
1
H n. ni. r. 
spectrum was consistent with the structure (97), but was not identical 
to the spectrum reported by Trost and Kinson for the compound to 
which they assigned the structure (97). Examination of the spectral 











No tB U NH 
tB u NH2  present 
% yield 
(221) 	(222) (97) 
585 	0 	 0 
51 	 3 	 10 
Scheme 75 
204 
compatible with this structure, and consequently the compound 
described above was assigned the dihydrofuran structure (97). The 
reasons for this are discussed in detail below. Additional evidence 
that this assignment was correct came from the rearrangement of (97), 
in the presence of acid, to (221). 
summarised in scheme 75. 
The reactions described above are 
The reason for the apparent discrepancies between the above 
results and those of Trost and Kin son almost certainly lies in the 
different methods of chromatography used to isolate the products. Trost 
and Kinson used repeated preparative thick layer chromatography to 
isolate the components of the reaction mixture. Experiments with this 
technique demonstrated that when a sample of (221) was run streaking 
occurred, apparently because of oxidation of this compound on the 
surface of the plate. This would explain the failure of Trost and Kinson 
to isolate this material. Such oxidation would occur to a much lesser 
extent when low pressure liquid chromatography was used to separate 
the reaction mixture into its components. 
The difference between the dihydrofuran species obtained is 
more difficult to explain. One possible explanation is that, on thick 
layer chromatography, rearrangement of (97) occurs, via two 1,3-hydrogen 
shifts, to the isomeric dihydrofuran (223) (scheme 76). The ' H n. n-i. r. 
spectrum reported by Trost and Kinson is consistent with this structure: 
the 9-proton multiplet between 6 7. 78 and 6. 95 may be assigned to the 
protons on carbon atoms 1-3, 5-7 and 9-11; the multiplet at 5 6. 95-6. 04 
is due to the C 12 and C7b  protons, and that at 5 5.42-4.93 to H,Zb;  the 
signal due to the methylene protons on C 4 occurs as a broad singlet at 
89 
 
( 3 	-- i j9 	 I 	223) 
Scheme 76 
8 3.50. The spectrum due to (97) is very different: the signals due 
to the aromatic protons H 13 and H57 occur as a complex group 
between 6 7.88 and 7.26; the olefinic protons, H 912 give a complex 
group of signals between 6 6.33 and 6. 08 (due to H 911 ) and a multiplet 
(due to H12 ) at 6 5. 93; the two methine protons, H 8  and H12 , give 
multiplets at 6 5. 70 and 4. 67 respectively; the C 4 methylene protons 
give a broad singlet at 6 4. 28. These assignments were supported, 
where possible, by decoupling experiments. The difference between 
the positions of the signals due to the methylene group protons of (97) 
and (223) is consistent with the change in hybridisation of the 7b and 12b 
carbon atoms. The observed 6-values may be compared with values of 
6 4. 13253  and 3. 254 for the corresponding methylene group protons 
of (224) and (225) respectively. 
More direct investigation of the above ideas was not possible 
206  
(224) 	 (225) 
because of the low yield of (97) obtained, and consequent small amounts 
of material available. Probably the most satisfactory chemical test 
would have been dehydrogenation of (97) with D. D. Q. , since this should 
have given the same furan (226) as that obtained by Trost and Kinson 45 
on dehydrogenation of the dihydrofuran isolated by them. 
t'-. L. ¼./J 
The question of the mechanism of formation of the dihydrofuran 
(97) remains an interesting problem. It is still possible that it arises 
via an intermediate norcaradiene species, since the formal insertion 
product (221) could arise via the same inter rne diatei However, (221) 
could also arise via rearrangement of the dihydrofuran, as demonstrated 
by the acid-catalysed rearrangement of (97) to (221), so that isolation 
of these two species does not by itself imply a common intermediate 





The rôle of the amine in the formation of the dihydrofuran is 
also unclear. It may merely be acting as a base to prevent the acid 
catalysed rearrangement of (97) during the course of the reaction. The 
presence of only small amounts of (221), which should be capable of 
donating a proton, could conceivably be responsible for such a rearrange-
ment of any dihydrofuran formed initially, in the absence of amine. 
Another possibility is that the amine interacts with the 1, 2-oxocarbene 
to promote the dipolar form of the carbene, which then reacts with the 
solvent. Alternatively a nitrogen ylide such as (227), may also be 
involved in the formation of (97). 
Clearly a more rigorous mechanistic study of this system will 
be necessary in order to identify. the exact manner in which (97) is 
for med. 
2. 	?hotolyti.c dec omposition of 2, 3 -diazofluoranthenone s in benzene. 
a) 	The 2,3-diazofluoranthenones. In 1961221  Ried and Dietrich 
reported that reaction between fluoranthene-2,3-quinone and 2-toluene 
sulphonylhydrazide gave a yellow crystalline material which, after 
° recrystallisation from alcohol, melted with decomposition at 165C. 
L. VO 
This was assumed to be a single pure diazoketone, but no assignment 
was made of the position of the diazo function. Cadogan and Wilson 46 
re-examined this preparation and found that, in fact, the two isomeric 
2,3-diazofluoranthenones (49) and (228) were formed, and could be 
separated by chromatography. The major isomer (m. p.  178-182°C 
(dec. )) was assumed to be 2 -diaz ofluor anthen-3(2H)- one (49) and the 




It was hoped that, in the light of the known 45 spectral charac-
teristic s of the structurally related 9-  diazo-4, 9-dihydro-8H-cyclopenta-
[jef Jphenanthren-8-one (48) these assignments could be shown conclusively 
to be correct or incorrect. 
The reaction between fluoranthene-2,3-quinone and p-toluene-
sulphonylhydrazide was carried out and the two isomeric diazoketones 
separated by chromatography on alumina. The major product (m. p. 
171-6 0 (dec. ), 39% yield) was eluted first, using methylene chloride 
and petrol as eluant. The minor component (m. p.  153-155. 5 0 (dec.), 
20% yield) was eluted with methylene chloride. The I. R. spectrum of 
the major isomer shows a diazo group stretching band at 2125 cm ' , 
and a carbonyl stretch at 1630 cm 	whilst that of the minor isomer has 
corresponding absorptions at 2090 cm ' and 1630 cm ' . The spectrum 
C. u7 
of (48) has a double peaked diazo group absorptionat 2080 and 2100 cm- 1 
and a carbonyl stretch at 1635 cm- 
1. 
 These results suggest that the 
diazo group of the minor 2, 3-diazofluoranthenone isomer is in a similar 
environment to that of (48), thus supporting the above assignment. 
The 'H n. m. r., spectrum of the major isomer shows a complex 
group of signals between 6 8. 10 and 7. 28. The most notable feature of 
the spectrum are two one-proton doublets (J8Hz and J7Hz) at 6 8. 06 
and 7. 93, and a one-proton singlet at 6 7. 34. The doublets are probably 
due to H4 and H 6 respectively and the singlet to H 1 . There are two 
possible explanations for the low field position of the resonance due to 
H4 :- either the major isomer is (49), and it is the electronic effect of 
the carbonyl group at C 3 which is primarily responsible for this shift; 
or the major isomer is (228) and it is the deshielding effect of the diazo 
group 
45 
 which dominates. 
The 1 H n. m. r. spectrum of the minor isomer is no more 
enlightening. It consists of a complex group of signals between 6 7. 75 
and 6. 99. No doublets due to H 4 and H6 are clearly assignable and two 
possible singlets maybe assigned to H 1 , at 6 7. 42 and 6. 99. If the 
signal at 6 7. 42 is due to H 1 then the fact that this is at lower field than 
the signal due to the corresponding proton of the major isomer would 
imply that the major isomer is (228) and the minor (49). If, however, 
the signal at 6 6. 99 is due to H 1 , then the opposite would apply. Since 
there are no signals to higher field, it appears that the signal at 6 6. 99 
is due to H 1 and that the minor isomer, is therefore (228). The signal 
at 6 7. 42 probably arises from two or more superimposed signals. 
Although the spectroscopic evidence is not conclusive, the 
t1 U 
balance of the evidence indicates that the assignment of the structure 
(49) to the major isomer and of (228) to the minor one is correct. This 
assignment is also consistent with what would be expected on the basis 
of attack by the hydrazone at the least steric ally crowded carbonyl 
group of the quinone during synthesis. The spectral characteristics of 
the products obtained on decomposition of the individual diazo compounds 
in benzene also indicated that the above assignment is correct. 
b) 	Photolysis of 3-diazofluoranthen-2(3H)-one in benzene. The 
photolytic decompositions of 3 -diazofluoranthen-2(3H)- one (228) in 
benzene and a benzene/t-butylamine mixture proceeded in a manner 
exactly analogous to those of 9-diazo-4, 9-dihydro-8H-cyclopenta{J - 
phenanthren-8-one. Thus, photolysis in benzene alone gave a single 
product, in 38% yield, arising from formal carbene insertion into the 
C-H bond of the solvent. The structure of this compound, 3-phenyl-
fluoranthen-2-ol (229) was assigned on the basis of spectral and 




containing Ca. 6%,  by volume, t-butylamine, the yield of (229) dropped 
to 23%,  and the dihydrofuran (230) was isolated in 12% yield. No product 
of Wolff rearrangement was isolated, only tarry material being obtained 







The structure of (230) rests on analytical, I. R. , n. m. r. , 
and mass spectral data. Its 1 H n. m. r. spectrum consists of a 
complex group of signals between 6 7. 85 and 7. 22 due to H 18, a 
four proton complex centred on 6 6. 09 due to the olefinic protons 
H1013 , a doublet of doublets (Jl2Hz, 4Hz) at 6 5. 60 due to H 9 , 
and a doublet (J=12Hz), with further fine splitting, at 6 4. 69 due to 
H 13a. It should be noted that the chemical shift value of 6 4. 69 for 
H 
13a 	 iZa 
corresponds closely to the value of 6 4. 67 for H 	of (97), 
these protons being in structurally very similar environments. This 
may be cited as evidence in favour of the above assignment of the 
structures of the starting 2, 3-diazofluoranthenones. 
As in the case of (97), (230) underwent acid catalysed ring 
opening of the dihydrofuran ring, the product being 3-phenyifluoranthen-
2-01 (229). 
C) 	Photolysis of Z-diazofluoranthen-3(2H)-one in benzene. 
Cadogan and Wilson 46 found that photolysis of 2-diazofluoranthen-3(2H)-
one (49) in benzene containing 1% by vo1ume.t-butylamine did not give 
the product of Wolff rearrangement. The main product of the reaction 
was thought to arise from attack of the carbene generated on the solvent. 
This product was not characterised, however, as it apparently poly- 
(231) 
!4P 
men sed on attempted purification by chromatography. 
It was decided to re-investigate this decomposition, in the 
hope that, by using low pressure liquid chromatography to separate 
the products, fairly rapid purification of the major product could be 
achieved before polymerisation occurred. 
The photolysis was first carried out in the absence of t-butyl-
amine. Chromatography of the photolysate on silica yielded a single, 
fluorescent green, crystalline product (74% yield). Elemental analysis, 
I. R. and mass spectral data suggested that it was a single, pure corn-
pound, 2-pheny1fluoranthen-3-ol (231). The 1 H n. m. r. spectrum of 
this material was extremely broad at room temperature, however. 
Three possible reasons were considered to explain this: either the 
material was polymeric in nature, some conformational equilibrium 
occurs in the molecule and the coalescence of the n. m. r. spectrum 
occurs close to room temperature, or small amounts of a paramagnetic 
material were present in the sample. 
The first explanation was ruled out since the melting point of 
the solid was sharp (140. 5-141.5 
0 
C) and there were no peaks of any 
significance above the molecular ion peak (at 294). Variable temperature 
n. m. r. experiments did not support the second alternative. Although 
the spectrum sharpened considerably at low temperatures, only 
0 progressive broadening occurred at temperatures up to 160. If the 
LL.) 
broadening at room temperature had been a true coalescence, the 
spectrum would have been expected to sharpen again at high temperatures. 
Sharpening of the spectrum also occurred on shaking the sample with 
D2 0, in conjunction with the expected disappearance of the signal at 8 3. 6 
due to the hydroxyl proton. The observed effects were considered to 
be consistent with the presence in solution of small amounts of a 
paramagnetic material, probably formed by oxidation of (231), which 
underwent reversible combination at low temperatures. Electron 
spin resonance experiments, the results of which are discussed below, 
confirmed this. 
When the photolysis of (49) was carried out in benzene containing 
a small amount (.6%v/v) of t-butylamine, (231) was again the major 
product (53% yield). A small amount of a second product (2.5% yield) 
was isolated and this was assigned the structure (232). Insufficient 
material was obtained for satisfactory elemental analytical data to be 
79 
(232) 
obtained, however I. R. , n. rn. r. and mass spectral data were consistent 
with the structure shown. Accurate mass measurements on the mole-
cular ion peak (294) were consistent with the formula C 22H120, and the 
(M_2)+ peak (base peak) had an accurate mass consistent with the 
formula C 22 H100. This peak probably arises from loss of the hydrogen 
atoms on C and C 12 . 
"I 
The 1 H n. m. r. spectrum of this material was particularly 
useful in assigning the structure shown. 	The aromatic protons, H18, 
appeared as a complex group of signals between 6 7. 96 and 7.22. The 
signals due to the olefinic protons H 912 also occurred as a complex 
group, between 6 6.16 and 5. 94. A doublet of doublets at 6 5. 72 (J=12Hz, 
3Hz) was assigned to H 12 , and a slightly - broadened doublet at 6 4. 44 
(J=l2Hz) to H8b.  The structurally very similar environments of H 12 
of (232) and H8 of (97) undoubtedly explain their comparable chemical 
shifts (H8 of (97) gives a doublet of doublets at 6 5. 70). 
No product of Wolff rearrangement was isolated from the above 
reaction. In an effort to detect such a product, the polar tars obtained 
from the photolyses of (49) and (228) (both of which would give rise to 
the same ketene intermediate) in benzene/t-butylamine were subjected 
to acid hydrolysis, and the organic material extracted with base. No 
trace of the acid (233), which would have been the expected product 
had Wolff rearrangement occurred, was found. 
oT1 OH  
(233) 
The complete failure of the 1, 2-oxocarbenes obtained on 
decomposition of the 2,3-diazofluoranthenones to undergo Wolff rearrange-
ment is, at first sight, rather surprising, especially since (233) is 
255 
fairly readily accessible by other routes. 	However, although the 
ketene (234) is probably less highly strained than (220), obtained on 
photolysis of 9- diazo-4, 9 -dihydr o- 8H-c yclopenta[[phenanthren-8- one 
(234) 
(48), it should be remembered that the 1, 2-oxocarbenes, (235) and (236), 
from which (234) is derived, are also less highly strained than (217), 
obtained on decomposition of (48). The results described above, therefore, 
(235) (236) 
indicate that the increase in strain on going from (235) or. (236) to (234) 
is greater than that occurring during the Wolff rearrangement of (217) 
to (220). 
d) 	The mechanism of dihydrofuran formation. The similarities 
between the photolytic decompositions of the 2, 3-diazofluoranthenones, 
(49) and (228), and 9-diazo-4,9-dihydro-8H-cyclopenta[lef Jphenanthren -
8-one (48) in benzene are self-evident, and the comments already made 
concerning the reactions of (48) apply equally well to the decompositions 
of the 2, 3-diazofluoranthenones. The fact that all three diazoketones 
give rise to 1, 2-oxocarbenes which are reluctant to undergo Wolff 
rearrangement, and the observation that the presence of t-butylamine 
was essential for dihydrofuran formation suggested that the photolysis 
qV 
of Z-diazoacenaphthen-l-one (50) in benzene in the presence of t-butyl-
amine might also give rise to a dihydrofuran species. When this was 
carried out, however, spir o(ac enaphthene-. 1, 7 1 -norcara-2', 4'-dien)-
2-one (95) was obtained as before. 
It maybe concluded that, in addition to the requirements noted 
above (1. e. failure of 1, 2-oxocarbene to undergo Wolff rearrangement 
and presence of amine in reaction mixture), for dihydrofuran formation 
to occur, the diazoketone moiety of the starting material must be con-
tamed in a six-membered ring. This requirement may arise in a 
number of ways, depending on the mechanism of dihydrofuran formation. 
It remains possible that the dihydrofurans are formed via 1, 3-dipolar 
cycloaddition of the intermediate 1, 2-oxocarbenes to benzene, a pre-
requisite for formation of the 1,3-dipolar form of the carbene being 
that it must have aromatic character (see (237)). The alternative, that 
(237) 
the dihydrofuran is formed via  norcaradiene, could also still apply. 
The necessity for a six-membered ring may arise because the driving 
force for the rearrangement of the norcaradiene to the dihydrofuran comes 





steric requirements. Molecular models indicate that the distance 
between the carbonyl oxygen and C 1 of the norcaradiene ring in (238) 
would be slightly less than the corresponding distance in (1tu.,6ta.,7?1)_ 
spiro(acenaphthene-1, 7 1 -norcara-2 1 , 4 1 _dien)_2_one (95), so that attack 
of the carbonyl oxygen on C 1 of (238) to give the dihydrofuran would 
occur more readily. 
The above arguments assume that the t-butylamine present is 
not actively involved in the formation of the dihydrofurans, which is not 
necessarily correct. Apart from the possibility of interaction with the 
intermediate 1, 2- oxoc arbene s, as described previously, t-butylamine 
could be involved in the norcaradiene -> dihydrofuran rearrangement, 
an important step in this rearrangement perhaps being attack of base at 
the carbonyl group of the norcaradiene (scheme 78). This seems rather 
*N H2BU
t 	 -NH2Bu 
Scheme 78 
unlikely however in view of the bulky nature of the t-butyl group, and 
clearly does not occur at room temperature for spiro(acenaphthene-1, 7 1 -
norcara2', 4 1 -dien)-2-one (95). Attempts to perform this rearrange-
ment by heating (95) in the presence of t-butylamine resulted instead 
in rearrangement to 2 -phenylacenaphthen- 1- one (197a). 
Clearly further work will be required in this area in order to 
distinguish between the possible mechanisms. Other examples of 
2 
o ( 
CI 1 -I- 	I 




dj.azoketones which react in a similar manner would undoubtedly be 
of use in any future study of these reactions. Two likely candidates 
are the diazoketones (44) and (46), both of which fail to undergo Wolff 
rearrangement. 42,43 In addition, they have their diazoketone groups 
in six-membered rings, and also decompose in benzene, in the absence 
of t-butylamine, to give the products of formal insertion into the C-H 
bonds of the solvent. 
43,80 
 The hitherto unknown diazopyrenone (239) 





e) 	Electron spin resonance spectroscopy studies. The hypothesis 
1 
that broadening of the H n. m. r. spectrum of 2-phenylfluoranthen-3-ol 
(231) was due to the presence of small amounts of a paramagnetic 
species was confirmed by electron spin resonance spectroscopy. Thus, 
examination of a toluene solution of (231) in the probe of an e. s. r. 
spectrometer revealed a strong, symmetrical signal, which consisted 
of at least 28 lines, with a g value of 2. 0072 (±0.  0002) (figure 13). 
k-5 gauss >1 
Fig.13: E.s.r. spectrum of (240) (structure opposite). 
..L 7 
The concentration of the free radical was determined by comparison of 
the intensity of its signal with those due to standard solutions of 2, 2-
diphenyl-l--picrylhydrazyl (DPPH). It was estimated that the radical 
species constituted only about 0. 6% of the total sample. 
The radical species present was tentatively assigned the aroxyl 




phenylfluoranthen-3-ol, 256 its hindered structure accounting for its 
persistence 
256
(t 1 >2 days). 
E. s. r. spectroscopy was also used to demonstrate the effect 
of temperature on the concentration of the free radical. On cooling 
the sample to -50 °C, the intensity of the signal decreased until it 
became almost undetectable, while on re-warming to room temperature 
it returned to its original level. These observations, which are in 
accord with the sharpening of the proton n. m. r. spectrum of (231) at 
low temperature, suggest that the radical exists in equilibrium with one 
or, more likely, several different din -ieric species, formation of which 
is favoured at low temperatures, but which disproportionate at high 
temperatures. Such equilibria are well documented, 
256 
 one example 
in particular being the dimerisation of 2,4,6-triphenyiphenoxyl (241), 
for which the dimer has been shown to have the structure (242). 257 
The observed effect of D 
2 
 0 on the proton n. m. r. spectrum is 






which free radicals are removed being 
2 Ar0 + D 
2 
 0 -' ArOD + ArO2 D. 
When the deuterium atoms are replaced by hydrogen the equilibrium 
is shifted to the left, since adding water to the sample did not result 
in sharpening of the spectrum. 
The manner in which oxidation of (231) to produce (240) occurs 
was investigated. A sample of 2-diaz ofluoranthen-3(2H)- one (49) was 
dissolved in benzene in an e. s. r. tube, the solution degassed and the 
tube sealed. This sample was subjected to photolysis for 1 h and its 
e. s. r. spectrum recorded. No signal was observed. The sample was 
opened to the atmosphere and oxygen bubbled through the solution for 
1 h. Although t. 1. c. indicated that (231) was present, still no signal 
was observed. The sample was then adsorbed on to silica and re-
extracted with benzene. The volume of the resulting solution was 
reduced to ca 0. 5 ml, and the concentrated solution transferred to an 
Fig.14: E.s.r. spectrum of (243) (structure opposite). 
4. C. I 
e. S. r. tube, degassed and its spectrum recorded. This time a 
strong signal, identical to that obtained previously was observed. 
These observations indicated that (240) was formed by aerial oxidation. 
of (231) on the surface of silica during the work up of the reaction 
mixture. 
The complex splitting pattern of the e. s. r. spectrum of (240) 
(fig. 13) made an assignment of coupling constants virtually impossible.. 
It was thought that the smallest couplings (aH = 0. 58 gauss) were 
probably due to the protons on the phenyl ring and possibly protons 
H710. In order to test this hypothesis, it was decided to prepare a 
sample in which the protons on the phenyl ring were replaced by 
deuterium (243). This was achieved by photolysis of 2-diazofluoranthen-
3(2H)-one (49) in d6 -benzene, to give (244)which, on chromatography 
over silica, underwent oxidation and exchange of a proton for deuterium 







(fig. 14) showed five broad lines with coupling constant a 	2. 3gauss. 
These couplings probably arise from protons H 1 and H46, smaller 
couplings due to H710 remaining unresolved. The observed line 
broadening is consistent with coupling Of the unpaired electron to the 
deuterons of the phenyl ring. Deuterium has a nuclear spin of 1, which 
increases the number of lines in the spectrum, and a nuclear g factor 
2/13 of that of the proton, which results in a corresponding reduction 
in the size of the coupling constants. Thus the effect of deuterium 
sub stitution is to give a larger number of lines much closer together. 258 
These lines are too dose together to be resolvable in this case, hence 
the broadening of the lines in the observed spectrum. 
The above observations add more weight to the original assignment 
of the structures of the 2, 3-diazofluoranthenones, since the isomeric 
3-phenylfluoranthen-2-ol (229), on oxidation, would give rise to a free 
radical with a much less hindered structure and which, consequently, 
would be less persistent. Indeed the H n. m. r. spectrum of (229) 
showed no sign of line-broadening, even at high temperatures, indicating 
the complete absence of any paramagnetic species. 
In contrast, 9-phenyl-4H-cyclopenta[Jphenanthren-8-ol (221),. 
which has a very similar structure to (231), might be expected to give 
rise to a persistent free radical species. The 1 H n. m. r. spectrum of 
(221) did, in fact, show considerable broadening on heating to 60 °C. 
However, the e. s. r. spectrum of a sample of (221) in toluene was very 
weak and poorly resolved, even at 60 °C with a relatively concentrated 
solution (0. 21 M), indicating that the radical (245), which was most 
44.5 
likely to be responsible for the signal, was only present at very low 
concentration. 
Further investigation of other 3-arylfluoranthen-2-ols and 9-
aryl-4H-c yc lopentaJphenanthr en- 8- ols would undoubtedly provide 
much useful information on the structure of the corresponding radical 
(245) 
species and their e. s. r. spectra. This, in turn, would provide 
information on the electronic structure of the f].uoranthene and 4H-
c yclopenta[Jphenanthrene ring systems. 
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